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Monday, 5th December 1881. 


Tue Ricut Hon. LORD MONCREIFF, President, 
in the Chair. 


The President read Obituary Notices of Dr John Hill 
Burton, Rev. Dr Cumming, Dr P. D. Handyside, Professor 
_ Sanders, Dr Andrew Wood—d eceased Fellows of the Society. 


OBITUARY NOTICES. 


Joun Hii Burton. By James Gordon, Asst. Librarian. 


Joun Hitt Burton, one of the most eminent men of letters that 
Scotland has produced, was born on the 22nd of August 1809, at 
Aberdeen, While he was still young, his father, an officer in the 
- 94th regiment, died; but his mother, who was the daughter of an 
Aberdeenshire laird, though left, on her husband’s decease, with 
very slender means, successfully exerted herself to give her children 
an education befitting their social position. He had the advantage 
of being taught by Melvin, the famous scholar and schoolmaster ; 
and on leaving school, continued his studies at Marischal College. 
He ever afterwards gratefully acknowledged his obligations to his 
Alma Mater. In the course of his education at Aberdeen, he laid 
the foundations of that extensive aquaintance with English litera- 
ture for which he was afterwards so notable, and also acquired a 
familiar knowledge of the Latin language. Sir Theodore Martin 
mentions that Burton used always to carry about with him in his 
pocket a small edition of Horace. Among his associates at school 
and college were several young men afterwards destined to distin- 
guish themselves by their contributions to the history of their 

country, and whose predilections for this department of literature 
doubtless influenced his future literary career. These fellow- 
students were, Joseph Robertson, the historical antiquary ; Dr John 
Stuart, the cuthor of the splendid volume The Sculptured Stones 
of Scotland; Canon Robertson, the ecclesiastical historian; Dr 
Grub, the author of the Ecclesiastical History of Scotland ; Professor 
Cosmo Innes; and Dr John Cumming, of whom an obituary notice 
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will be read to-night. In conjunction with some of these, Burton, 
while still at college, contributed several articles to the Aberdeen 
Magazine. 

At the close of his college career he took the degree of M.A., and 
was apprenticed to a solicitor in his native town. Conscious, 
however, of an ability for higher work than the drudgery of a 
provincial solicitor’s office, he resolved to abandon it for the higher 


grade of the legal profession, and was admitted to the Scottish bar 


in 1831. It was fortunate for the prosecution of his plans of 
extensive study that he now settled in Edinburgh, and was only a 
visitor to the great metropolis of the south, for had he resided 
permanently there, his experience might have been like that of 
Bishop Thirlwall, who said that the want of time for reading is the 
great misery of London life. As an advocate, Burton never got 


practice, but he wrote two legal works of value in their day, one 


on Bankruptcy, and the other a Manual of the Law of Scotland, 
whilst his legal training and knowledge were of immense use to 
him in his historical works. 

In 1833 he began to contribute articles to the Westminster, and 
afterwards to the Edinburgh and North British Reviews. During 
recent years he wrote numerous articles—literary, antiquarian, and 
topographical—for Blackwood’s Magazine. 

Burton’s contributions to literature are too many and varied to 
be enumerated here, but it should be noted as an epoch in his 
career, that in 1846 he made his first appearance in independent 
authorship, when he published his Life and Correspondence of 
David Hume. This is universally admitted to be one of the best 
biographies ever written. In this work details of much literary 
and antiquarian interest, calculated to throw light on the career of 
the great Scottish philosopher, are gleaned from sources multi- 
tudinous and recondite, and evince such a profound and extensive 
acquaintance with the literature of the last century, as only one 
who was not merely a book-hunter, but an indefatigable reader of 
books, could have brought to bear on the subject. Noticeable, 
also, is his little work, published in 1849, entitled Political and 
Social Economy : its Practical Application, which is considered to 
be remarkable, not only for the soundness of its teeing, but for 
the grace of its style. 
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His appointment in 1854 as Secretary of the Scottish Prison 
Board gave him a secure income, independent of literature, and he 
faithfully discharged the duties of that office, which were some- 
what lessened in 1860, when the chief control of prisons in Scot- 
land was assumed by the Home Office. In 1877 he resigned the 
- gecretaryship, but continued his connection with this department. 
as a commissioner of prisons till his death. He was accustomed 
to lay stress on the advantage a historian derives from acquaintance 
with the machinery of government, and the conduct of affairs in 
the present, as enabling him to judge more fairly of institutions and — 
men of the past. 

He commenced his H istory of Scotland. by the publication in | 
1853 of two volumes, treating of the period from 1688 to 1748, 
and completed it by seven volumes from Agricola’s invasion to 
1688. Of this work an anonymous biographer says—“ The History 
of Scotland is undoubtedly the work that will carry Hill Burton’s 
name to posterity. At the present day it is recognised as pre- 
eminently the history of Scotland, and it is one of the few books 
of the multitude which this age has produced which are likely to 
live by reason of their enduring merit. He investigated every 
point for himself, and his History is therefore the result of a vast 
amount of patient and honest work. He possessed in a rare degree 
the historian’s faculty—the power, that is to say, which leads the 
student of men and events to seize as if by an intuition on those 
features of character and those currents of opinion which stamp an 
epoch and the men who moulded it.” Professor Atneas Mackay 
thus refers to it :—‘“‘In this History he has given us, in a sober style, 
an eminently plain and truthful account of the main facts in the 
career of a nation which, in spite of the smallness of its territory, 
preserved its independence, and when permanently united to 
England, contributed some new and valuable elements to the 
British character.” He was appointed by the Government 
Historiographer-royal for Scotland. 

His History of the Reign of Queen Anne, recently published, 
though possessing great merit, is considered to be a less successful 
effort than his History of Scotland. 

The Scot Abroad and The Book-hunter have both been very 
popular. Indeed the latter could not but be popular, abounding 
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as it does in interesting notices of curious books and their 
collectors. It tells, in a pleasant and graceful style, of the 
characteristics, it may possibly be the blunders, that have made 
certain editions prized by collectors—for even certain editions 
of the Bible have been largely increased in value by some 
strange accidental error of the printer. In short, it is a thesaurus 
of the curiosities of bibliography, and of the eccentricities of biblio- 
maniacs. It has long been out of print, but a new edition will 
shortly appear, which will contain a memoir of the author written 
by Mrs. Hill Burton. 

The following allusions to his personal habits may not be unin- 
teresting. It is stated by those who knew him that in pedestrian 
excursions he had walked over the greater part of Scotland, and as 
he was a geologist as well as an antiquary and a lover of the 
picturesque, he found varied sources of interest in the course of his 
rambles. His library did not mean a particular room ; it wandered 
over his whole house. The principal rooms were all filled or 
covered with books. The shelves were put up with his own hands, 
and the books were so arranged that he knew where to find any of | 
them even in the dark. He used to mention that the pecuniary 
value of the works he had received as presents from contemporary 
authors amounted to upwards of £400, and this is a proof that he 
was on the most friendly terms with other literary men. 

One who knew him well says,— “He was very hospitably 
inclined, and very kind of heart, although his blunt manner often 
wronged him in the eyes of strangers. His varied knowledge, his 
fund of anecdote, and his quaint humour made him a delightful 
companion.” More than most hardworking men, he felt a positive 
pleasure in his unceasing intellectual activity, and like our former 
president, Sir Walter Scott, considered “the capacity to labour as 
part of the happiness he had enjoyed.” It was doubtless owing to 
this peculiarity of temperament that to the last he preserved much 
of the freshness of youth, as evinced by an unfailing buoyancy of 
spirit, and the lively intellectual interest he took in a vast variety 
of subjects; for as Burton’s friend, Sir Theodore Martin, observed in 
his rectorial address at St Andrews—“ It is no paradox to say that 
there is nothing like work for maintaining the elasticity of mind, 
and preparing it for what we should all aim at—the carrying on 
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the spirit of youth, the freshness of enjoyment into riper years, and 
even into old age.” 

He was elected a Fellow of this Society on 1st February 1847, 
and was also a member of the Geological and Antiquarian Societies. 
He received the degree of LL.D. from the University of Aberdeen. 
He was also a D.C.L. of Oxford. He died on 10th August 1881, 
_ at Morton House, near Edinburgh. 


Rev. Joun Cummine, D.D. By the Rev. Professor Flint. 


Tue Rev. Dr. Jonn Cummine, who died at Chiswick on the 4th 
of last July, was elected a Fellow of this Society on 21st February 
1853. The deceased was born in Aberdeen on 10th November 1810. 
He was educated in the Grammar School of his native city, and 
- afterwards in King’s College, of which he became a graduate. 

At the early age of twenty-three he was called to the pastorate 
of the Scottish Church, Crown Court, Covent Garden, London, and 
the duties of this office he discharged for almost fifty years. 
The attractiveness of his preaching, his zealous opposition to 
Roman Catholicism, High Churchism, and Rationalism, and the popu- 
larity of the religious writings which flowed in rapid succession 
from his pen, not only gathered round him a large and influential 
congregation, but gained him a multitude of admirers in all parts 
of the kingdom ; while, at a somewhat later period, the definiteness 
and singularity of the conclusions to which he was led by his 
study of prophecy made him, perhaps, more talked about than any 
other man in the clerical world. 

The Hammersmith discussion of 1839 showed his readiness and 
skill in public debate. As early as 1840, in the preface to his 
edition of John Knox’s Book of Common Order, he advocated 
nearly the same changes in the public worship of the Church of 
Scotland for which Dr. Robert Lee contended in Presbytery and 
- Assembly about twenty years later. It was about 1846 that he 
began to attempt to unfold the course of unfulfilled prophecy, and 
from about 1860 that his interpretations became startlingly definite 
and particular. The year 1868 was fixed on as that in which very 
marvellous events were to occur. It was not an uneventful year, 
yet when Dr. Cumming sought to show in 1870 that every incident 
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foretold as then to happen had actually taken place, the task 
was generally recognised to be one of hopeless difficulty. Even 
should it be thought, however, that he was not very successful 
in his apocalyptic researches, the members of the Royal 
Society cannot need to be reminded that in the same department 
of investigation Sir Isaac Newton himself somewhat signally failed. — 

Dr. Cumming’s publications were very numerous, and several of 
them passed through many editions and were very widely read. 
They may be distributed into three classes:—(1) Works of practi- 
cal religious edification—such as those entitled Daily Infe, Voices 
of the Night, Sabbath Morning Readings, &c. ; (2) Controversial — 
Works—of which the Hammersmith Discussion and the Popular 
Lectures on Essays and Reviews may be mentioned as examples ; and 
(3) Works on Prophecy — such as the Apucalyptic Sketches of 
1847, 48, and 49, and Tre Great Tribulation, Redemption draweth 
Nigh, and Seventh Vial, of a later period. 

Dr. Cumming found relaxation and pleasure in tending bees, 
and was the author of the letters on _—— signed ‘ Bee- 
master,” which appeared in the Z'vmes. 

Upwards of two years before his death, his powers of mind and 
body began perceptibly to fail, and even before there were any signs 
of waning vigour, fashion and popularity had gone to flatter others ; 
but the announcement of his decease must have carried sadness to 
many, as they remembered the conspicuousness of the position 
which he had long held, the abundance of his labours and the 
multitude of his works, the charm of his speech and the popularity 
of his writings, his bold and tenacious advocacy of his convictions, 
and his amiable and estimable personal qualities. 


Dr. P. D. Hanpysiwz. By Dr. J. H. Balfour, F.B.S. 


Peter Davin Hanpysipe was born on 26th October 1808. He 
was the son of William Handyside, Writer to the Signet in 
Edinburgh. He died on 21st February 1881, at 16 Lansdowne 
Crescent, Edinburgh, after a lengthened illness. 


_ He was educated in Edinburgh, and took his degree in medicine 
in the University of Edinburgh in 1831. He was a distinguished 
student, as is evinced by the fact that he was elected Senior Presi- 
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dent of the Royal Medical Society, and also that he was a 
Medallist of the Harveian Society. 

Having been an apprentice of Mr. Syme, the eminent surgeon, 
his attention became specially devoted to the study of anatomy 
and surgery. After getting his medical degree he prosecuted his 
anatomical studies for a time in Paris, and in Heidelberg under 
Tiedeman. On his return to Edinburgh in 1833, he was admitted 
to the Fellowship of the Royal College of Surgeons of Edinburgh, 
after undergoing two public examinations, and submitting a 
probationary essay on ‘ Osteo-Aneurism,” which was published and 
circulated. In the session 1833-34 he commenced a course of 
lectures on anatomy at 4 Surgeons’ Square, Edinburgh, and 
became a popular and successful teacher. About six years 
afterwards he became one of the surgeons in the Edinburgh 
Royal Infirmary. He was deeply impressed with the relation 
_ between anatomy and surgery, and in the summer session he gave a 
full course of operative surgery. At this time he commenced a 
course of lectures on surgery at No. 1 Surgeons Square, and gave 
up his lectures on anatomy. 

A vacancy having occurred in the chair of General Pathology 
by the resignation of Dr Thomson, Dr Handyside became a 
candidate, but was not successful. In 1842 a vacancy occurred 
in the chair of Surgery by the sudden death of Sir Charles Bell, 
and Dr. Handyside came forward as a candidate. The vacancy, 
however, was filled up by the election of Mr James Miller. Dr 
Handyside considered that extra-mural teaching on this subject 
would be much affected thereby, he therefore recommenced his 
lectures on anatomy, and, along with Mr Spence and Dr 
Lonsdale, took up the School of Anatomy in Surgeons’ Square, 
vacated by the recent appointment of Dr Allen Thomson to the 
chair of the Institutes of Medicine in the University. This school 
easily took the lead among the other schools of anatomy in Edin- 
burgh. The appointment of Mr John Goodsir to the chair of 
Anaiomy in the University on the retirement of the third Monro in 


1846, altered very considerably the circumstances of the Extra- ~ - 


mural School, and after conducting a class during the session 
1846-47, Dr Handyside relinquished anatomical teaching, and 
devoted himself entirely to his medical practice. 
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Unfortunately Dr Handyside’s health gave way under the strain 
of his practice, and he was forced to go abroad for rest and 
change. In 1863, however, on the appointment of Dr Struthers 
to the chair of Anatomy in Aberdeen, he was persuaded to 
resume his anatomical teaching at Surgeons’ Hall, and he continued 
to conduct his class there until within a few weeks of his death. 

Dr Handyside was clear and emphatic as a lecturer, and 
possessed the esteem and respect of his students, to whom he was 
ever most attentive and courteous. He was an excellent draughts- 
man, a2 most important talent for an anatomical teacher. He was 
surgeon to the Edinburgh hospital for four years, and was a clinical 
lecturer there. He performed some most skilful operations, of 
some of which accounts were published. Dr Handyside was 
elected a Fellow of the Royal Society of Edinburgh on 20th 
February 1847. 

Dr Handyside was intimately connected with the Edinburgh 
Medical Missionary Society from the first year of its existence, and 
he was for forty years on its committee or on the board of its 
directors. He himself opened and conducted for some years a 
dispensary on medical mission principles at Main Point, between 
- West Port and Lauriston. Much good work was done, and Dr 
Handyside exercised a most wholesome moral and religious 
influence over the students whom he gathered round him there. 
In 1858 Dr Handyside transferred this private dispensary to 39 
Cowgate, and it was three years afterwards formally adopted by 
the directors of the Edinburgh Medical Missionary Society. 

He devoted much attention to Comparative Anatomy, and was 
particularly interested in the structure of fishes. In connection 
with this subject he contributed to our Proceedings in 1873 a 
paper “On the Anatomy of a new species of Polyodon (P. Gladius, 
Martens) ;”* and he resumed the subject in a continuation of the 
above paper in 1878. In these contributions he gave an anato- 
mical description of the respiratory, circulatory, and pneumatic 
systems in this remarkable fish, and also noticed shortly its 
alimentary and other viscera. He proposed, in a further continua- 
tion of the paper, to give an account of its articular system and 
endo-skeleton, but unfortunately did not live to overtake this part 
of the subject. 
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In 1869 he contributed a paper to our Proceedings, ‘On 
Traces in the Adult Heart of its Transitions in form during Fetal 
Life.”* 

He also contributed to the Edinburgh New Philosophical Journal, + 
A History of the Sternoptixine, a family of the Osseous Fishes, 
and their anatomical peculiarities, with a description of the S. 
celebes,” | 

In the Edinburgh Medical and Surgical Journal, he wrote an 
** Account of a case of Hermaphrodism.” 

He published in the Journal of Anatomy,t “ A Notice of 
Quadruple Mammz—the lower two rudimentary—in two adult 
Brothers.” § | 
_ The following is also a list of other articles published by Dr 
Handyside as reported by Professor Struthers in his biographi- 
cal notice in the Edinburgh Medical Journal :— 


Cases in Surgery, including Necrosis of the Thigh Bone 
(London and Edinburgh Monthly Journal of Medical Science, 
1845). | 

Spasmodic Affections of the Larynx, including a case in which 
Tracheotomy was performed through a Bronchocele. 

Amputation at the er oint, with Figures of the Tumour and 
Stump. 

Caries of the Tarsus and the Ankle-Joint, in which is described 
and figured a method of performing Syme’s Amputation at the 
Ankle by antero-lateral fla ps. 

Outlines of Anatomy. 

Engravings and Description of the Blood-Vessels. 

Experimental Essay on Venous and Lymphatic absorbent Systems. 

Theory of Death from Air admitted into the Veins. 

Encephalocele. 

Acrania. 

Cyclo-cephalian Form of the Etmocephaloids. 


* Proceedings of the Royal Society of Edinburgh, vol. viii. pp. 50-51, 136- 
37 ; vol. ix. p. 660. | 

+ Vol. vi. 499. 

t Vol. xxvii. pp. 324-331. 

§ Vol. vii. pp. 56-59. 
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Subarachnoid Serous Sac. 
Arrested Liver Development. | 
(Edinburgh Medical Journal 1866 and 1869.) 


Hypospadia with Cleft Scrotum (Edinburgh Medicai Journal 


Professor SANDERS. By Professor T. R. Fraser. © 


SANDERS was born in Edinburgh on the 
17th of February 1828. His father was a medical practitioner 
whose name is associated with a valuable and extensive series of 
observations on the action of digitalis. He received a portion of 
his general education at the High School of Edinburgh, under the 
late Dr. Bryce, and completed his classical and literary training at 
the University of Montpellier, where he graduated with distinction 
as Bachelor in Letters in 1844. Soon afterwards he returned to 
Scotland, and in the winter of 1845 he began his medical studies 
in the University of Edinburgh. 

Even at this early period the characteristics which distinguished 
William Sanders at a later period of his life were manifested. He 
devoted himself to his work, taking a leading part, for example, in | 
the debates of the Royal Medical Society, which led to his being 
elected a President of the Society in 1848. He also found time 
during his studies to engage in an investigation on the structure 
of the spleen, the results of which were presented as a thesis, 
when he graduated as Doctor of Medicine in 1849, and obtained 
for him the reward of a gold medal. This thesis was published in 
Goodsir’s Annals of Anatomy and Physiology, and has since 
retained an authoritative position in medical literature. It con-— 
stituted the foundation of other and subsequent researches, which 
have led to the association of his name with those of Gairdner 
and Virchow in the first descriptions of the now well-known waxy 
or amyloid process of degeneration. 

Soon after his graduation in medicine, Dr Sanders proceeded 
to Paris and Heidelberg for the purpose of acquiring, under 
the direction of distinguished teachers, as thorough a training as 
possible in the most advanced methods of investigation in patho- 
logy and microscopic anatomy. On his return to Edinburgh he 
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applied himself diligently to pathological and clinical work, hold- 
ing for a short time the interim appointment of Pathologist to 
the Royal Infirmary, and engaging with much success in tutorial 
instruction in connection with the University class of clinical 
medicine. 

- In 1851 and 1852 two papers worthy of note were published by 
him. In the first he summarised the valuable labours of Claude 
Bernard on the production of sugar in the liver of man and 
animals ; and in the second he gave a description of the speculum 
invented by Helmholtz for examining the fundus of the eye, thereby 
introducing into Britain an instrument which has now become 
indispensable for the diagnosis of diseases of the eye. | 

The conservatorship of the museum of the Royal College of 
Surgeons having become vacant, Dr. Sanders was in 1853 appointed 
to this office, and during his tenure, extending from this time to the 
date of his appointment to the chair of General Pathology in the 
University (1869), he amply vindicated the wisdom of his selection 
by his devotion to the interests of the museum, his industrious 
study of the valuable means of pathological training which it 
affords, and his efforts to render these means available for the 
education of the students and practitioners of Edinburgh by a series 
of demonstrations and lectures, which met with much success. 

In 1855 he added to his other duties that of a lecturer on the 
Institutes of Medicine in the Extra-Academical School; and in 
1861 he began, as physician to the Royal Infirmary, a course of 
instruction in clinical medicine which formed a material foundation 
for his after success as a great physician. The writer of this notice 
"well remembers the many evidences which Dr. Sanders gave, even 
_ during the first years of his hospital work, of indomitable persever- 
ance and determination to spare no trouble in ascertaining to the 
utmost of his power the exact condition of the maladies of his 
patients. His time and thoughts were ungrudgingly bestowed upon 
his cases, and for several years it was his custom to spend from two 
to three hours daily in the wards of the hospital. Among other 
results of this devotion to bedside observation, he acquired materials 
for communications to the literature of practical medicine; and 
from the time of his appointment to the hospital his published 
papers rapidly grew in number, and included many important 
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papers and monographs, such as those on coalminers’ phthisis, on 
Addison’s disease, on several forms of diseases of the nervous 
system, and on diseases of the heart and kidneys. The greater 
number of these publications appeared in the Hdinburgh Medical 
Journal, with which he was officially connected as joint-editor from 
1859 to 1861, and as sole-editor from 1866 to 1869. 

Dr. Sanders had now acquired a high reputation as a scientific 
observer and a physician, and on the chair of General Pathology 
in the University becoming vacant by the resignation of Professor 
Henderson in 1869, his acknowledged eminence as a pathologist 
secured for him the appointment. He entered upon the duties of 
his new office with tne same spirit as had characterised all his other 
undertakings.. He determined, in the first place, that his teaching ~ 


_ should be thorough. His great anxiety was that he should place 


before his students such an account of his subject as would 
adequately represent every important doctrine and fact, and he 
spared no trouble in collecting from all sources the materials that 
were required for this object. His previous training in scientific 
observation and in teaching had placed him in an advantageous 
position for ensuring success. His knowledge was great, his judg- 
ment and critical genius well-balanced, and the familiarity resulting 
from long experience had enabled him to overcome a diffidence 
which was natural to him, and to impart to his lectures a 
decision in statement and earnestness in manner which were | 
peculiarly attractive to his hearers. 

On his appointment to the professorship of General Pathology he 
retired from the office of Ordinary Physician to the Royal Infirmary, 
but continued the teaching of clinical medicine in the wards of the 
Infirmary assigned for this purpose to the University. The medical 
school of the University had already entered upon that course of 
rapid growth and reviving importance which has been uninter- 
ruptedly maintained to the present time ; and although the teaching 
of medicine in its most practical aspect was then in the hands of 
such masters as Bennett and Laycock, the accession of Dr. Sanders 
proved of the greatest value. Afterwards, when the failing health — 
of his colleagues interfered with their sharing in the work of clinical 
teaching, the value of his ripe experience as a teacher became the more 
apparent. For a time, indeed, the entire responsibility of conduct- 
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ing the University class of clinical medicine devolved upon him ; 
and then, as well as during the whole time that he acted asa 
clinical teacher, he amply sustained the reputation he had acquired 
before his appointment in the University. Recollecting the difficul- 
ties which he had been led to appreciate while he acted as a clinical 
tutor in the earlier years of his professional life, he introduced a 
class of tutorial instruction, for the purpose of ensuring that his 
students should have an opportunity of acquiring a fundamental 
training in the elements of medical diagnosis, without which that 
thoroughness of teaching which he always aimed at could not be 
effected. | | 
An earnest wish that his students should also be thoroughly trained 
in pathology, led to his adopting the system of practical teach- 
ing in connection with his lectures on that subject. In the first 
session of his professorship he instituted practical classes, where 
students were trained to observe for themselves the naked-eye and 
microscopic characters of morbid conditions, of which they could 
acquire only a superficial knowledge in the lecture-room. ‘The ad-— 
vantages of this training were soon so highly appreciated that the 
practical classes were attended not only by the greater number of his 
‘students, but also by many graduates. 
Thoroughness in teaching, thoroughness in all the work he under- 
took, was, indeed, one of the most prominent traits of Dr Sanders’ 
character. It gained for him the confidence of his students. It 
gained for him also the confidence of his fellow practitioners; and 
when, in the course of time, the opportunity was given to him for 
entering upon consultation practice, he reaped the advantages of a 
well-merited confidence by quickly attaining a foremost position in 
this country as a consulting physician. And here the writer of this 
notice would venture to quote a passage written by one who was 
long associated with Dr Sanders in professional and personal 
interests, and whose recognised authority as an eminent physician 
lends a peculiar value to his opinion :—‘“‘ One important aspect of 
Dr. Sanders’ precept and example as a teacher deserves a word of 
notice. He was entirely superior throughout to the affectation which 
often leads men aiming at eminence as practitioners to speak dis- 
paragingly of the science of medicine as opposed to the art... .. 
Dr. Sanders’ first care as Professor of General Pathology was to see 


‘ 
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that his students had the opportunities and guidance necessary for > 
securing an ample basis of demonstrated fact, on which, in due 
‘time, a superstructure of pathological science might be erected; and 
his latest as well as his earliest work bears testimony to the promi- 
nence in his mind of that essentially pure love of scientific truth for 
its own sake, which has been in all ages the guiding star of truly 
great practitioners of medicine. ... . Even amid the pressing calls 
of consulting practice, and amid distractions of a yet graver kind, 
.. . he never forget the ladder by which he rose to fame, the 
only true ladder, it may be added, by which any man ought to rise © 
on whom the training of the younger medical mind in any large 
degree depends ; and no doubt it may be said of him that the con- 
fidence reposed in him by a wide circle was largely founded on the 
belief that he had so gained his eminence, and that a position attained 
by only the most legitimate scientific methods would never be abused 
to lower and baser ends.” me | | 

The graver distractions referred to by the writer of this quotation 
were the evidencés of decaying health, which first manifested them- 
selves in January 1874, or little more than four years after Dr. 
Sanders was appointed a professor. In their first manifestations 
they caused the gravest anxiety to his friends, unfortunately 
but too clearly confirmed when, after several intervals of apparent 
restoration to health, during which he resumed for a time his 
duties as a teacher and physician, a sudden attack of hemiplegia 
of the right side, with nearly complete aphasia, occurred on the 8th 
of September 1880. He remained in this condition, with occasion- 
ally some improvement in the paralytic symptoms, and with an 
intellect apparently unciouded, until February of the following 
year, when a second attack occurred, attended on this occasion with 
loss of consciousness, and in less than twenty-four hours afterwards 
he expired on the 18th of February 1881, the day following the 
anniversary of his fifty-third birth-day. | 

Cut off in the prime of his life, Dr. Sanders’ loss is lamented by 
a widow and a family of two sons and three daughters. It is 
lamented also by a wide circle of friends. The universal respect 
entertained for him was exhibited by the large gathering that 
took place at his funeral on the 23rd of February—a gathering 
which comprised representatives of all classes of society, and in 


‘ 
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which were conspicuous many in the poorest ranks who had 
derived advantage from his skill as a physician. It has also been 
exhibited in the successful realisation of a scheme to commemorate 
his life by a monument to be placed over his grave in the Dean 
Cemetery, and a bust to be preserved in the University, which have 
been executed by Mr. Hutchison, R.S.A. 

His friends and associates lament the death of a sincere, truthful, 
and warm friend. His colleagues recognise that the profession of 
medicine has lost one of its most eminent representatives, an earnest — 
denouncer of abuses, and a powerful advocate for reforms ; a man 
of science, diffident in self-assertion, but influential because of the 
merits which he himself was slow to assert. 


Dr. ANDREW WooD. By Professor Maclagan. 


‘Dr. Anprew Woop was the representative, in the fourth 
generation, of a family which for considerably above a century and 
a half has been identified with the medical profession in Edinburgh, 
and especially with the Royal College of Surgeons. His great-— 
grandfather, William Wood, entered the college in 1716 ; his grand- 
father, Andrew Wood, in 1769 ; his father, William Wood, in 1805 ; 
and he himself in 1831. It does not appear that the first William 
Wood ever was chosen President of the College, but all his three 
descendants obtained that honour, two of them being twice elected. 

The subject of the persent notice was born on lst September 
1810. He was educated at the High School, being, according to 
the then existing system, four years under Mr. Lindsay, and then 
two years under the Rector Dr Carson, his place in his last year’s 
class being a high one, and showing that even as a boy he had a 
taste for the ancient classics which were to him a source of enjoy- 
ment to the end of his life. After having gone through the 
humanity classes he entered upon the study of medicine, and took 
his degree of M.D. in August 1831, when he was not quite 
twenty-one years of age, under a custom then in force, which. per- 
mitted those to receive their degree whose twenty-first birthday 
occurred before the commencement of another academic session. 
Very soon after his twenty-first birthday he was admitted to the 
Royal College of Surgeons, his probationary essay being upon 
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Cataract, a Latin version of it having been presented by him as his 
thesis to the Medical Faculty of the University. Though without 
any special predilection for ophthalmology, or indeed for pure 
surgery in any form, he was probably induced to select this subject 
for his thesis from his having for some time studied in Dublin, 
especially under the celebrated oculist Dr. Jacob, of whom frequent 
mention is made in his probationary essay. 

Two circumstances connected with Andrew Wood’s earlier pro- 
fessional days call for notice, because they exercised a marked 
influence on his future career. The first, which belongs to his 
undergraduate period, was his joining the time-honoured students’ 
institution, the Royal Medical Society. He did not long remain a. 
silent member on its benches, but soon threw himself, with that 
energy which was part of his nature, into the business of the Society, — 
both private and public, taking a large share in its debates and 
being a most zealous and valuable business man in its committees. 
He was a member of that sub-committee of three to whom was 
entrusted the final revision and correction of the Catalogue Rawsonné 
of the Society’s valuable library, which was published in 1837, 
To the Royal Medical Society, Andrew Wood was always ready to 
assign, as many others have had reason to do, that fluency in speak- 
ing and readiness in debate which he afterwards so fully mani- 
_ fested, nor did he forget the benefit which it conferred upon him in 
giving him the habits of business which he acquired in its finance, 
library, and other committees, The youth was here truly the father 
of the man ; for to those who were associated with him in those days 
of youthful activity, it seemed to be only the necessary development 
of Andrew Wood when he became a leading and influential member 
of the General Medical Council of the United Kingdom and Chair- 
man of its Business Commitee. His fluency on all sorts of 
occasions, whether he spoke after preparation or on the spur of the 
moment, was conspicuous. He spoke as he felt—that is, strongly—— 
on every matter on which he had made up his mind; but perhaps 
there may be permission for the friendly criticism of one who, as 
a life long intimate, knew and valued him, that he not unfrequently 
spoke ore rotundo when a less oratorical style might have sufficed. 

The second circumstance which powerfully influenced Wood’s 
future for good, was his appointment when a young practitioner to 
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be one of the medical officers of the New Town Dispensary. There 
his natural energy found an ample field for its exercise, and here he 
found, as many of his fellow practitioners can testify that they have 
done, the value to them of being thrown on their own resources, and - 
having to apply on their own responsibility those clinical instruc- 
tions which they had acquired under their teachers in the Royal — 
Infirmary. Andrew Wood laboured hard among the poor, and soon 
: acquired that self-reliance and decidedness as a practitioner which. 
characterised him in after life, and which made him to be trusted 
and valued in the large practice which he enjoyed, partly as an in- 
~ heritance but chiefly from his own professional worthiness. He held 
several important professional appointments, such as the surgeoncy 
of Heriot’s Hospital and of the Merchant Maiden and Trades Maiden 
Hospitals, and the Inspectorship of Anatomy for Scotland. _ 

His most conspicuous public position was that of a member of 
the General Medical Council. His hereditary as well as personal 
- attachment to the College of Surgeons of Edinburgh, and the active 
share which he had taken in all its work, alike as a fellow, as 
president, and as an examiner, pointed him out as the fitting repre- 
sentative of that body in the General Council, and the College 
neither sought nor needed any other representative so long as he 


lived. He was soon recognised as an important and useful member — | 


of the Council, the best proof of which was his selection as the 
Scottish member of its Executive Committee. This entailed upon 
him much work, and frequent visits to London. To most people 
these last would have been a trial and discouragement, but his — 
energetic nature knew no such impediments. He would make a 
night journey up, have a day’s business in the metropolis, and come 
back next night by the express, reappearing as usual in his pro- 
fessional rounds in the forenoon of the second day, apparently as 
fresh as if he had enjoyed two successive nights of undisturbed 
repose. It was these rapid movements of his which gained for him — 
from his friends, both here and in London, the sobriquet of the 
Flying Scotsman.” | 

_ Andrew Wood through his whole life had a keen enjoyment of the 
classics both ancient and modern, his favourite languages being Latin 
and German, and his love for them led him to write and publish 
translations from Horace and also from Lessing and Schiller. He 


> 
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had a retentive memory, and often in conversation or discussion pro- — 
- duced an apt quotation especially from Horace or Lucretius. It was 3 
his work as a member of the Medical Council rather than his literary 
efforts which led his Alma Mater, the University of Edinburgh, to 
confer upon him the degree of LL.D. 

In the matter of general politics, Dr. Wood had, as was usual 

with him, very decided opinions. Other people called him a Con- 

servative ; he avowed himself to be a Tory. He never, however, 

allowed politics to make any difference for him in the amenities of 

private life, and thus it came that many of those who were his most 

loved and loving friends were entirely of opposite political opinions. 

In both these respects he was a close follower of his genial and 

esteemed father, William Wood. In medical politics he followed 

no system which could be designated as Conservatism. His position. 
in medical politics would best be expressed by a term borrowed from 

the German Parliamentary vocabulary ; he was a Progressist. His 

great desire was to see the medical profession not merely main- 

tained but elevated in public and social estimation. Fully estimat- 
ing the necessity for the rising generation of medical men being 

thoroughly equipped in all that pertains to modern advances in 

professional knowledge, he was particularly anxious that good 

preliminary education should be insisted on, and that the young 

doctor should first of all be a well-educated gentleman. 

His ecclesiastical position was that of a member of the Scottish 
Episcopal Church, as his forefathers had been. He was not one of 
those who carry their profession of faith on their sleeve. He never 
paraded his religion before the world. He would and did talk 
earnestly and piously on religious topics with his intimate friends, 
and being in his private relations a loving husband, an affectionate 
father, an attached friend and an upright straightforward man, he 
‘was a capital example of the unpretentious sincere Christian gentle- 

In the social relations he was esteemed by all who had the 

privilege of his friendship, A certain almost boyish exuberance 
of animal spirits made him the centre of a hilarious group, when- 
ever he foregathered with his friends in the University Club, or at 
the festive board of the Atsculapian or the Medico-Chirurgieal 
Club. He had the true clubbable quality of being able to give and 


> 
. 
° 
} 


342 | Proceedings of the Royal Society 


take a repartee; he would “nothing extenuate nor set down ought 
in malice.” 

It was when in the midst of an apparent health and vigour 
which promised more years of public usefulness, that his friends 
who knew him intimately, and the public who knew him by name 
only, were startled and shocked by the news of his sudden death, 
due, as was afterwards ascertained, to rupture of the heart, on the 
25th January of this year, and consequently when he was in the 
seventy-first year of his age. oe | | 

Another generation of Edinburgh doctors must be created and 
become extinct, before it will be forgot that the character of an 
excellent practitioner, a valuable servant of the public and the pro- 
fession, an amiable domestic man, a genial friend, and a true 
Christian gentleman, were united in the person of Andrew Wood. 


The following Communications were read :— 


1. On a Particular Case of the Symbolic Cubic. By Dr. 
Gustav Plarr. Communicated by Professor Tait. 


§ 1. The method by which Hamilton has established the sym- 
bolical cubic 
and more particularly the relation 


(2) =m, — Mop + 


is founded on a generalisation of the result 


where ¢ represents a linear and vector function, and ¢’ its conjugate 
according to the definition 


Sp¢'c =Sogp. 
In the most general case of ¢p the expression of this function is 
reducible to a vector sum of three terms of the form aSa,p, and the 
directions which $p is susceptible of representing are generally not 
limited in space. | | 
We may now conceive a class of cases in which the expression of — 
¢p is reducible to the sum of two terms only, and in which the 


‘ 
| 
| 
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directions which the function is susceptible of representing are 
limited to those which may be comprised in a given plane. In this 
case we may assume the expressions 


bp = aSa,p + BSB,p 
(5) | pp =a,Sap + B,SBp 


In virtue of these definitions the coefficient m in the cubic, whose 
definition is | 


mSApv , 
will. vanish, because the factors @A, ¢p, ¢v are all three co- 
planar. | | 
The value m=0 characterises in a more general way the class of 
functions ¢p which we have in view. But in the case m=0 the 
equations (2) and (3) lose their definite signification because we do 
not know @ priori what the result 


ma 'p 
will become when one of its factors vanishes. 
If we eliminate the unknown term 


V Ay 
from the relations (3) and (2) (this last being written on for 
VAx) we get the relation 


p= — mop + 

and there cannot be a doubt as to the validity of this equation 
when ¢p is constituted so as to be susceptible of representing any 
direction in space. But when ¢p is of the more particular class, 
represented by (4), then it seems to us that the last written equation 
requires a verification, and the present paper effects this verification. 
by two methods, adding a few applications. 

‘We remark that the expressions (4) and (5) may be nik upon 
as theoretical and not actually given. The true data for the class 


of functions which we consider will be the vectors y and y,, 
‘namely : 


(6) VaB=y, and 


to which the directions represented respectively by Pp and by ¢'p 
will be perpendicular. © 


\ 
| 
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We assume thus 
(7) Sy¢p=0 and Sy,¢’p=0 


for any direction of p. 
The theoretical expressions (4), (5) show also that 


9(Va,8;) =0 and =0, 


namely 


(8) aad 
These relations comprise the relation (7), because we have 
=Sp¢'y =Sp x (zero) =0, 
Syipp = =0. 


We see thus that the properties derived from expression (4) of 
dp, namely 


m=0 ) (1°) m=0 
2°) Sydp=0 2°) Sy¢p=0 
3°) 3°) py=0, 


are all consequences of each other, and one of the equations enu- 
merated in 1°), 2°), 3°) will have the others for consequences. 

§ 2. For the verification of the equation 

(9) Vp = ($2 + 


in our particular case of @, let us first calculate the coefficients 
—m, and m,, as they are defined in § 147 of Professor Tait’s Ele- 
mentary Treatise on Quaternions. 

If we take 


then, owing to 0, the values become 
m, = 
= S(P'r. wy + yA). 
By the help of the theoretical expressions (4), (5) we get 
Vp = V(a,Sad + B,SBA)(a,Sap + 
(11) - y,SyVAp. 


(10) 


\ 
© 
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| Thus we get | 
mSrpy = — SyySyAp ; 
namely | | 
(12) m,= —Syy- 
Further | 
wy + Sp'p. yr = SaywySar + S(Byry) SBA 
+ Sa,yASap + SB 


=§S, (Vay .VAp.a) +8. (VB,y 
=8.VAp[V(aVa,y) + V(BVB,y) | 
= (SApa,Say + + $88, ]. 


But 
| Say =SaVaB =0 ; 
likewise 
SBy=0 
Thus we get 
(12 bis) | =Saa, + SBP, - 


It is clear that these values of m, and m, are those which would be 


derived from the values of the same coefficients in the case of the _ 


expression of dp by three terms instead of by two only. 
Let us now calculate the second member of (9), which for abbre- 
viation sake we will designate by €VAy, putting 
We have by (4) and (12 dzs) 
— m2) = paSa,p — pSaa, 
BSBip — pSBB, 
=V(Vap.a,) + V(VBp.8,). 
£p — mq) ]p 


[V(Vap.a,) + V(VBp. B;) ] 
SB, [V(Vap.a,) + V(VAp. ] + 

Two terms —— there remains : 
£p = aS(a,VAp.8,) + BS(B, Vap.a,) + mip 
-aS.BV(pVa,B,) + BS.aV(pVa,8,) + 

=V.V(pVa,B,)VaB + m,p | 

= V(Vpy-7) + 
= p[Syy, + - 


Then as 


we have 


; 
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By the value (12) of m, the factor of p vanishes. There remains 


(14) = — map + m)p = Ep. 
This gives us also 
EVAw= — y,SyAp 
and the second member is precisely the value (1 1) of Vd'Ad'z. 
We have thus verified the equation (9) in the case m=0. In 
like manner we may verify the corresponding equation 


(15) Ve =(p? - mop’ + m,)VAp 
derived from : | 
(16) — Yyip = + m,)p = Fp. 


These relations (14) and (16) when treated respectively by the 
operator ¢ and ¢’ will give the corresponding cubics (1) in which 
m= Q, because the terms 


py, Syp, and ¢'ySyp, 


vanish whatever be p, in virtue of the equations (8) to which ¢@ and 
satisfy. 
These relations (14) and (1 6) cannot give the inverse functions 
or because from 


'p = (im, — 'y,Syp 

— $')p — 
we cannot conclude anything so long as we are unable to determine 
the unknown vectors 


and 


$(y,)=0, and ¢'(y)=0. 
~§3. On the other hand, when p is coplanar with the plane to 
which the directions of dp belong, then calling p, such a vector, we 
have : | 


in the case when 


Sym 
= ($? — mah + m,)p)=0, 


so that the equation (14) becomes in this case a quadric. 
This remark enables us to construe the equation (14) by a direct 
process, Let namely vector p, of any direction, be decomposed into 


and consequently 


§po 
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the two components, the one p, perpendicular to Yn and the other Pi 
— to y,, 80 that, if p,=zy,, we have 


2 being a scalar. 


Taking of both members the function ¢, we have 


Ep = py) + 28) . 
First we remark that, as ¢y,=0, we have also ¢*y,=0. Thus y, 
reduces itself to m;y,. If we treat by S( )y the expression of p, 
we get by Syp,=0: | 3 
Syp 


and as Syy, = —m, by (12), we get 


my, 
Hence 
S 
(18) 
and | 
(19) 


We propose now to show, by a direct method, that ¢o,=0, and 
for this purpose we apply the method of Hamilton, under the form 
by which it is explained in § 147 of Professor Tait’s Elementary 
Treatise on Quaternons. 


As dp for any vector p, and so also for po, is perpendicular to y, 
we may represent pp by 


Vyr, 


being quite arbitrary, except that it must be different from 
This gives besides 


Syhpo = Spoh'y = 9, 
which is identically vanishing, the relation 
SAdpy = Spot’ A= 0. 
We have also by hypothesis 
Sypo= 9. 
From these two last equations we draw 


n being a scalar. 
VOL, XI. 
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We determine x by treating the last expression by 
SC 
uw being not coplanar with y and X. ‘This gives 
The first member becomes 
= VyA=nSyAp. 
The second member expresses, according to (10), the value of 
my Sy)» 


n=M,. 


We have therefore 


then generalise the relation 


VyA 
into 

(20) (b+9)po= 
From this we deduce, as above, | 

(21) = VY +g)r. 


This equation has now to serve for two purposes. 
First we treat poth members by 


SC 


This gives for the first member | 
The second member of (21) treated likewise gives us then : 
+ 9) Mp! 


If we develop the first member according to the powers of g, we see 
that n, takes the form 


(22) | =m, + Mog + 9", 
because the coefficient of g becomes m., according to the expression 
— (10) of this coefficient. 

In the second place we treat the equation (21) by the operator 
($+9). This gives, by (20), 


nVyA= (p+ + 9)r. 


| 
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Developing the second member we get 
MV yA= GV +g VyPA+ PV yA] + 


If we substitute for m, its expression (22), and identify the co- 


efficients of the same powers of g in both members, we get the two 
conditions : 


(23) m,Vy\= p.V(ypa) 

From these two relations we eliminate V(y#A) by treating the 
second equation by ¢ Thus we get: 3 

m,Vy\ —mpVyA= — 


Now VyA represents any vector perpendicular to y. Calling it p,, 
we have 
for = (0 
(24) 
| =(g? — + =. 
From this equation we may also draw the inverse function — 
when Syp,=0. 3 


or 


_ To these equations (24), (25) correspond similar equations for the 
conjugate ¢’, namely, for Sy,p,=0 we have: | 
= — map + = 9 

_ It is evident by the expressions (12) and (12 bcs) of m, and mg, that 
the coefficients in the relation (26) are the same as in the relation 
(24). 

§ 4. The equations (24) and (26) may be applied in order to find 
the directions of the vectors which coincide with the direction of 
the corresponding function ¢ or ¢’. 

Calling o the vector, which satisfies 


Vodo=0, 


(27) h)o =0, 


we see that o must satisfy 


(26) 


or 


Syo=0, 


| 
— mop + m,) VyA=EVyA=0. 

= 
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because ¢o is perpendicular to y, and so o must be as it is parallel 
do. 
If we treat (27) by )A we. get, different from y) 


-h)o =0, 
namely 


(29) So(¢’-h)A=0. 
Thus, if we call N a scalar, we get by (28) and (29) 
 No=V. 


By the second equation (23) the second member in the value of No 
becomes 


(30) No=(m,-$-h)Vyr. 


We will now consider the value of h. The relation (27) when 
treated by ¢ gives 


| 
‘Thus by (24), the factor o being suppressed, we get : 
mh +m,)=0. 
Calling h’ and h” the two roots, we have 
h'+h’=m,, 
and calling o’, o” the corresponding directions of o, the expression 
(30), in which we change the sign of N, will give now 


N'o' =(¢-h’)o, 
N’o’ = h'\w 
Syw=0. 


where 


These are the vectors, namely, o’, o”, which satisfy 


go =ho. 
When ¢ is self-conjugate they are necessarily real, because then 


the roots h', h”, are real. We may show this in the following way. 
We have for the roots : 


2h =m,+R, 

R? =m} -- 4m, 
| = + + 4SVopVa,B, 
by the expressions (12) and (12 dvs). 


REY | 
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We have also, when 
| | (p-¢$)p =Vep, 
= 


Squaring « and subtracting it from R?, we get, when all is de- 
veloped : | 


+ 28aa,SBB, 28aB,Sa,B 
+ 28aBSa,B, 
+ 4SaB,Sa,B . 
The five double products of scalars reduce themselves to 
2Sa[BSa,8; 0,588, + 
= 28aVBa,f, 
= 2T(aa.,)T.(BB,)S. VaUBUa, UB, : 


§.UaUBUa, UB, = cos o, 


because the absolute value of this scalar cannot outpass unity. 
Thus, putting 


R? = R? T?. €. 


We may put 


we have 


This expression of R? shows that when Te=0, namely, when ¢ is 
self-conjugate, then the value of R? is essentiallg positive, = Ré, and 
the roots h are real & priori. It is true that when Te is comprised 
within the proper limit, then R? remains positive, so that the roots 
h and the solutions o may remain real, even when ¢ is not self- 
conjugate, provided : 
Te<TR,. 

§ 5. We will apply our equations (14) and (15) to two correspond- 
ing cases; the first to the case of the example of § 159 of the 

Elementary Treatise on Quaternions ; the second to the case of the 
~ construction of equation (8) of Professor Tait’s paper on Minding’s — 
Theorem (Trans. R.S.E. 1880). | 

The Example of § 159 demands the solution of 


V.ep=8. 


pp=Vep. 


We put 


R?- =T*. a0, + T*. BB, 
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Then we have 


ge=0. 
Also, because of ¢’p= — dp, we have 
| | de= 0. 
We may assume 
e= Va’; 


then we get : 
$p = V(Va'p’. — . 
If we liken this with our former expression (4) we get 
Then we get by (14) 


and we have 


($? — mah + m,)p= — Spe. 


We have of course m= 0, and then 
~SVaBVa,B, = - 
m, = S(aa, + BB,) = — f'a’) = 0. 


Also 


because Sed must vanish in virtue of Vep=8. Therefore our 


equation gives : | 
| - 2p + Spe=0. 


And as Spe remains indeterminate =x, we have the solution : 


p=e 8), 


which is the same as the one obtained by indirect processes. 


Our second application will be to establish the equation (8) above 


quoted, namely : 
bip= xB + ¢,e,8' awB, 


which, when translated into another notation (to be explained 


further), will be | 
- mo + Vpidj — ak . 


We introduce, namely, for 8= UB of Professor Tait’s Memoir, the 


letter & ; we put also 
pIP=pb=c. 


‘ 

‘ 
| 

| 
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Then we call y the vector }Va8. The equation (5) from the 


quoted memoir will then be | 
+4 
with the conditions 
Skn=0, (5) 
ok=0. (c). 
By the definition of dp, 
pp = 2aSBp , 
and by that of we have | 
| (d) 
In the particular case p=< this gives, by (5) and (c) | 
=e ; (¢) 


so that, it is to be remarked, the system y, ¢%, and & form a tri- 
rectangular system, variable it is true; and T¢4=Ty. 
Treating (a) by S(_)k, and remembering k?= — 1, we get 
o=pk—kSko. 
Now by our equation (15), in which we introduce | 


Vwak, 
we get | 3 
— + mk - =0. 


Eliminating ¢'k from this and m,o = m.¢'k — m,kSko, we get 


mo = + (m, —mSko)k (9) 
Moreover we have by (d) : 
=kTyT¢k 
= ken? 
Hence 
| = + ky?. 


This gives; 
(h)myo = — xk — V pidy , 

where we put | 

| 2= 

Now this equation (h) represents, with changed sign, the equation 
(8) in question. Namely, if we apply the function ¢ to 


p= —iSip—JjSjp - k8kp, 
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we get, because of (c), or dk = 0, 

We assimilate this with our former expression (4) of ¢p, and we 
put in consequence : , 
a= B= a,=2, 
Hence we have, first: 

— (Sipi + Sipj) = 


Secondly, we have, as 


= Ski =0, 


=ak= af 
(by its definition, page 678.) 
Finally, if 
we have 


V. pidy =e,e,8', when dil dj, representing U. didy . 

Thus all the terms of () correspond to the terms in the primitive 
equation (8) which we have thus established by a method different 
from that of the quoted memoir. 


2. On Mirage. By Professor Tait. 
(Abstract.) 


While seeking for a good elementary illustration of Hamilton’s 
general methods in optics, the author was led to consider, from a 
somewhat novel point of view, the path of light in a medium whose 
refractive index is a function of the distance from a plane. This 
is, at least approximately, the case of the peculiar atmospheric 
arrangements to which are due the phenomena of Mirage, so long 
as the curvature of the earth can be neglected. _ 

A considerable improvement in the usual theoretical treatment of 
this subject was introduced by Professor J. Thomson in 1872, and 
afterwards developed by Professor Everett in Phil. Mag., 1873. 


= 
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The main feature of this improvement is the study of the curvature 
of the ray in terms of the rate of change of refractive index in the 
medium. | | 

It seemed, however, to the author that a still simpler and, for 
some purposes, more powerful method could be made to depend 
upon the study of the curve on which lie the vertices of all rays 
passing through a point and confined to one plane perpendicular to 
the strata of equal refractive index. For the path of every ray is 
necessarily symmetrical about an axis perpendicular to these strata. 

Now suppose the strata to be horizontal, which is the common > 
case, two rays, slightly inclined to one another, leaving any point 
in a common vertical plane, will in general intersect one another 
before they again reach the level of the starting-point, if, and not 
unless, the vertex of the higher ray be horizontally nearer to the 
starting-point than that of the lower ray; 7.¢, if the part of the 
curve of vertices concerned leans towards the starting-point. Also, 
as is well known, when two rays, slightly inclined to one another, 
cross once between the eye and the object, the san formed is an 
inverted one. 

Hence the following simple graphical method for finding the 
-number and characters of the images of an object situated at or 
near to the horizon. Draw the curve of vertices for all rays leaving — 
the eye in the vertical plane containing the object. Draw also a 
a vertical line midway between the eye and the object. The inter- 
sections of this line with the curve of vertices are the vertices of 
all the paths by which the object can be seen when the eye is in 
the assigned position. 

It is easy to see that at these intersections the curve of ventions 
must alternately lean from, and towards, the eye, 2.¢., the images 
seen are alternately erect and inverted; their number depends of 
course upon the form of the curve of vertices, which, in its turn, 
depends not only upon the law of refractive index in terms of level, 
but also upon the position of the eye. 

Thus, as has long been known, the vertices of all the paths in 
which a projectile, fired with a given velocity, can move, with 
different elevations of the piece, lie in an ellipse whose major axis 
(double the minor axis) is horizontal. The lower half of this ellipse 


leans from the gun, the epee half towards it, and these correspond 
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to angles of elevation of the piece, respectively less and greater than 
_ 45°, In the former case (when the elevation is less than 45°) a 
slight increase of elevation increases the range on a horizontal plane, 
so that the new: path is wholly above the old one. In the latter 
case a slight increase of elevation shortens the — so that the 
two paths must intersect. | 


iti is then shown that the equation of the ¢ curve of vertices i is 
| 
(y) 


where the refractive index is 


| 
( the axis of y being vertical), and J is the vertical distance of the — 
eye from the axis of z. 

The author first tried the case of an arrangement of strata with one 
stratum of minimum refractive index. As the ordinary change of a 
quantity near its minimum value is proportional to the square of its — 
distance from the minimum, the assumption made was 


p= Ja? 


without any inquiry into the dynamical stability of such an arrange- 
ment in air. 


Here, of course, 
E= Ja? +7? log. 


This curve is easily traced by drawing, separately, the ‘ie 


and the curve (whose ordinates are the reciprocals of those of a 
catenary) | 


€=log b+ — 


2b 


and multiplying together the values of & for each value of . 
It was then seen that whenever ) is greater than 3.68a, this 


or 


| 
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curve can be cut in three points by a vertical line. Thus it was 
seen that the triple images of ships in the offing, described by Vince 
in the Bakerian Lecture for 1799, can be explained by the assump- 
tion of one plane of minimum index; or rather, as the effective 
rays never reach this plane, one plane of (approximately) stationary 
index. But this particular assumed law leads to variations of re- 
fractive index far more rapid than can possibly exist in still air, and 
shows the two upper images ( where they exist) at a very great 
elevation. 
Other assumptions were then made, such ; as 


yt 


sec? 


These forms were assumed so as to give a stationary plane, and 
also to give expressions (in the equation of the curve. of vertices) 
“Integrable by circular, logarithmic, or elliptic functions. They all 
gave results more or less resembling that already described, showing 
three images, but giving changes of refractive index not likely to 
occur in nature. | 

The author then tried the supposition of a transition stratum of 
finite thickness, in which the refractive index should vary continu- 
ously from that of the uniform denser fluid below to that of the 
uniform rarer fluid above. This is obviously the sort of arrange- 
ment which is most likely to occur in nature, Also the calculations 
already made for the former assumptions could be utilised for this 
by assuming the former laws of variation of refractive index to hold 
in the transition stratum only. Then it was at once evident that the 
curve of vertices in the transition stratum is asymptotic to both 
boundaries of the stratum, its vertex being turned towards the 
eye, provided the upper boundary be a stationary one, and it 
therefore admits of being cut in two points by any vertical line 
which is distant from the eye by more than a certain calculable — 
amount, This arrangement is easily shown to account completely 
for the two upper images seen by Vince. ‘The lower one is, of course, 


‘ 
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seen directly through the nearly uniform air below the transition 
stratum. When the upper boundary is not at least nearly a station- 
ary one, the upper erect image is not formed. The figure, then, if — 
inverted, gives the explanation of the ordinary mirage as seen in the 
desert. 

The author has since seen Wollaston’s account of his successful 
reproduction of Vince’s phenomenon in the stratum of air immedi- 
ately below a hot poker. It is quite clear that the explanation above 
given applies at once to this experiment, as well as in part to the 
other device employed by Wollaston, viz., the formation of a tran- 
sition layer between two masses of liquid of different densities which 
gradually diffuse into one another. The circumstances are here, | 
however, not identical with the atmospheric ones, unless the vessel 
containing the liquids is of considerable length ; so that both object 
_ and eye are below the intermediate stratum. Of course, although a 
transition stratum is spoken of as the main cause of the phenomenon, 
it must not be supposed that above and below that stratum there is 
no change of refractive index. Any law of refractive index which 
makes a comparatively rapid decrease (ending with a nearly station- 
ary state) through a limited stratum is sufficient to account for 
the phenomena observed. 

The equation. of the curve of vertices becomes in the case of a 
transition stratum of thickness J, | | 


b | | 


where ¢ is the height of the lower boundary. above the eye. 
The rest of the paper treats of the application of Hamilton’s 
methods, the modifications of the above results due to the earth’s 
curvature, the apparent size, distance, brightness, &c., of the various 
images, and refers to other forms of the mirage phenomenon as 
observed, for instance, in distortions of the disc of the setting sun. 


Professor Everett, to whom the author had communicated some 
of the above results, had favoured him with the following letter 
(dated Dec. 3, 1881), expressing a desire that it should be read to 
the Society along with the author’s paper :— 

“ The following seems to me the best way of treating the medium 


. 

9 

‘ 

. 
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p= Jatt y?. 
We have | 


This is the curvature of a nearly horizontal ray at distance y from 
plane of minimum p. It vanishes for y=0 and y=, and takes a 
maximum for y=a. Hence rays, which are nearly horizontal at dis- 
tance approximately a from the plane, will go on to meet rays whose 
distance from the plane is considerably greater than a. If a vessel 
with parallel glass sides be filled with a liquid in which this law © 
holds it will behave like a cylindrical lens, with a section like this— 


the points of inflexion of the section being at distances a from the 
axis. The caustic will be something like a golf-club, and two tan- 
gents can be drawn to it from an eye in the position shown (by the 
small circle), one of which is the line of vision of a real and inverted 
image, and the other of an erect image. 

“In tracing the analogy between a continuously: varying medium 
and a lens, deviation in the case of the lens corresponds to curvature 
of ray in the case of the medium. The lens in the present case 
gives no deviation at the axis; the deviation increases till we come 
to the point of inflexion, and then diminishes indetinitely as the 
sides tend to parallelism, which they would attain at an infinite 
distance. 


d. log p y | 

dy a* + | 
| 
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“In my arrangement (suggested by Maxwell) of three — 
the corresponding lens would be of this shape— _ 


and gives triple images seen in the three lines’ of vision shown. 
The middle one comes through the convex portion and gives a real 
inverted image; the other two come through concave portions and 


give erect images. 
p= / sec? 


‘The medium 
is an unnatural monster, giving infinite curvature of rays, as well as 
infinite values of p. 

* The equation of a ray in the medium 


J ary’, 
may be any one of the three 


y=} Jc? — + 


according to the value of ¢ for the ray in question ; this quantity c 
being the value of » cos 6 for the ray. The second equation is what 
we get when c=da. 

“ Your ‘ locus of vertices’ belongs, I presume, to the curves repre- 
sented by the first of these equations, but the tracing of it by 
points would take more time than I have at my disposal. Your 
result obtained from the ‘locus of vertices’ seems to agree with 
mine obtained by the foregoing methods, except that you profess to 
get three images, and I only get two. 


‘ 
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“Some of the properties of the medium 


(but not the double-image property) are deduced in my sided paper 
on ‘ Mirage’ (Phil. Mag., April 1873), sect. xvii. (6). See also 
Bradford B. A. Report, p. 37, for a triple image effect obtained 


experimentally with an ——* of two liquids—brine below, 
water above.” | 


Note added by Professor Everett, December 31, 1881. 


_ Having had an opportunity of reading the foregving abstract, I 
desire to express my appreciation of the precision with which Pro- 
fessor Tait’s method determines how many images, and whether 
erect or inverted, will be visible from a given point. Its practical 
application, however, appears to be somewhat laborious. 

_ The investigation given in the abstract really confirms my result, 
that with the assumption 


p= 


not more than two images can be seen from a given point in the 
air; for the value of » at a point from which three are seen must 
exceed 5, whereas in reality » in the atmosphere never exceeds 
BUSINESS. 
The following candidates were balloted for, and declared duly 


elected Fellows of the Society :—Sir Peter Coats, and Mr Andrew 
Young. 


~ Monday, 19th December 1881. 
DAVID MILNE HOME, LL.D., Vice-President, 
in the Chair. 
MAKDOUGALL-BRISBANE PRIZE. 


The Council having awarded the Makdougall-Brisbane 
Prize, for the biennial period 1879-80, to Professor Piazzi 
Smyth, Astronomer-Royal for Scotland, for his Memoir, 
entitled “The Solar Spectrum in 1877-78, with some practical — 
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idea of its probable temperature of origination,” published in 
the Society’s Transactions, vol. xxix. p. 285, the Medal was 
presented to him by the Chairman, with the following 
remarks:— 


The first matter of public business for to-night is to present the 
Makdougall-Brisbane prize to Professor Piazzi Smyth, Astronomer- 
Royal for Scotland. 

The terms of the bequest are—that “‘ this prize is to be owsiad 
biennially by the Council of the Royal Society of Edinburgh, to 
such person, for such purposes, for such objects, and in such manner 
as shall appear to them most conducive to the promotion of the 
interests of science.” 

The Council, after duly considering the various papers published 
in our Transactions during the biennial period, were unanimously 
of opinion that it would be conducive to the interests of science, 
at this time, to award the prize to Professor Piazzi Smyth, on 
— account of the merit of his memoir, published in the last volume of 
our Transactions, entitled “The Solar Spectrum in 1877-78, with 
some Practical Idea of its Probable Temperature of Origination.” 

Though the adjudication of the prize rests entirely with the 
Council, it has always been the practice not only to present the 
prize publicly at a general meeting of the Society, but also to 
indicate briefly the reasons for which the prize was so adjudged. 

In endeavouring to discharge the duty which falls on me this 
evening, let me just say, with reference to the subject of Professor 
Piazzi Smyth’s paper, that whilst the telescope is most valuable, 
indeed indispensable for giving a knowledge of the heavenly bodies, 
the spectroscope, invented only twenty years ago, affords informa- 
tion of an important nature segenting ae bodies which the tele- 
scope cannot’supply. 

By the telescope we , discover the exact, sia size, and colour, 
of the heavenly bodies, and can descry many which are not visible 
to the naked eye. 

By the spectroscope we have already ascertained something of 
the actual materials composing these bodies, especially those bodies 
which shine by their own light. At all events, we have ascertained 
by means of that instrument, that numerous substances, both solid 
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and gaseous, which exist on our planet exist also in many of 
these bodies. It can also indicate, that some of these far distant 
suns are moving through space in certain directions, and what Is 
their rate of motion. 

Our own sun, as the source to us of heat wn light, is naturally 
and properly the body to which this wonderful instrument has 
been most directed ; with the view of detecting the different! sub- 
stances which enter into its structure, as well as the density, state 
of aggregation, &c., in which they occur, and the rates at which 
they are moving. 

The result of these spectroscope researches has been to discover 
the nature of many of these substances ; indications of them being 
found in the rays of the sun,—when these rays are so divided and 
expanded by prisms as to show the well-known different colours 
extending from red to violet. Among these colours, about eighty 
years ago, certain black lines, i. lines devoid of light, were 
discovered, which long puzzled philosophers. 

Though our own Brewster in the year 1841 conjectured a pos- 
sible explanation, which was afterwards found correct, I understand 
that the true discovery of the cause of these black lines is due to 
Professor Stokes and to the German philosopher Kirchhotf. They 
explained that the black lines were due to the absorption or reten- 
tion in the sun’s atmosphere of certain definite rays of light coming 
from the incandescent surface of the sun below its atmosphere. 

By a set of ingenious chemical experiments, which it would be 
irrelevant at present to explain, even were it possible for me to 
do so, it was ascertained what these substances are whose light 
is so interrupted and absorbed by the sun’s atmosphere. 

It is sufficient for me to say that astronomers and chemists are 
agreed as to the nature of many of the substances ; and accordingly 
we find in the table appended to Professor Piazzi Smyth’s memoir 
the names of these substances as indicated by the black lines in the 
solar spectrum. 

Before this table was constructed, the best one available was that 
of Professor Angstrém of Upsala. But that table was defective in 
several respects, as Professor Piazzi Smyth points out. Some of the 
most important black lines, at each end of the prismatic scale, are 


awanting init. Professor Smyth has supplied these blanks, and has 
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been able to enlarge the number of lines distinctly characterised 
from 1400 to 2000. 

The reason why Angstrém’s table was deficient in these respects 
probably arose from the less favourable position at Upsala for 
obtaining the sun’s rays. When the body of the sun is near the 
horizon, as it always is in Northern Europe, its rays before reaching 
the earth must pass through a thicker and denser portion of the 
earth’s atmosphere than when it is ata greater angle of elevation. 
At Lisbon the observations could be, and were, taken by Professor 
Smyth when the sun was at an altitude of 70°, whereas at — 
it would be much lower even at noon. : : 

Professor Smyth’s tables of these black lines interspersed among 
the different prismatic colours are of a most elaborate, comprehensive, 
and evidently trustworthy character. When he had doubts 
whether any of the black lines might not have been produced, or 
at all events affected, by the vapours of the earth’s atmosphere, he 
Says so. 

The great astronomical value of this table will be at once 
recognised by men of science when it becomes known; for it will 
afford the means of ascertaining whether any secular change takes 
place in the composition or condition of the sun’s atmosphere, or in 
the more solid subjacent parts of that luminary. 

I understand that there are certain fixed stars known to 
astronomers under the name of variable, on account of changes 
taking place in their appearance as seen from the earth. These 
stars being in regions of space far beyond our planetary system, any 
change in them, I presume, can have little or no influence on our 
system. But it might be greatly more serious for us were im- | 
portant changes to occur in our sun, the centre of our system ;— 
and these changes would no doubt be at once detected by means 
of the spectroscope, and the comprehensive diagrams which Pro- 
fessor Piazzi Smyth has constructed of the solar spectrum, as it — 
now exists. 

Having offered these explanations, which, however, I have done 
with the utmost diffidence both as regards this subject generally, 
and the merits of the paper before us, it only remains for me to 
deliver the prize into the hands of the distinguished author; and 
at the same time to offer to him my humble, respectful, but very 
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hearty congratulations on his receiving to-night one of the highest 
- marks of scientific distinction which it is in the power of our Society 
to bestow. 


1. On the Application of the Rocks of Ben Nevis to Orna- 
mental Art. By Sir R. Christison, Bart., Hon. V.P. 


Many hundred tourists annually climb Ben Nevis, and shudder 
when they cast their eyes down its profound precipices ; but no one 
seems to bethink him that, to view a great precipice aright, he should 
behold it from below, rather than from above, and consequently 
that the great North-Eastern Precipice should be seen from the 
valley opposite its base. No one, tourist or guide, visits the narrow 
rugged glen into which it descends; few of the neighbouring 
gentry—of my acquaintance at least—have made the excursion ; 
and the only visitors I have heard of have been a few solitary 
geologists at long intervals of time. Nevertheless, in the year 
1810, in the first volume of the Edinburgh Wernerian Society 
Transactions, the late Reverend Dr. Macknight, one of the ministers 
of this city,—a gentleman of many accomplishments, and, among 
these, skilled in geology,—has interspersed his geological account of 
the rocks of the mountain with a description, in the most glowing 
languagé, of many magnificent scenes in its great North-Eastern 
Precipice. But he appears to have thus encouraged only his 
geological successors to follow his example. 

Encouraged by his narrative and by my persuasion, one party of 
four from my autumnal residence at Ballachulish, and afterwards - 
another of three from the house adjoining, made out the excursion 
last September; and all returned with the impression that they had 
beheld one of the most sublime scenes of the kind, which they had 
enjoyed in the Highlands of Scotland. My own belief is that the 
views of the precipice of Ben Nevis from below are the grandest in 
the whole island. | 

Of the rocks composing the mountain, and-especially of those of 
the precipice, Dr. Macknight has given a clear and satisfactory 
account, according to what was known in his time of the com- 
position and nomenclature of rocks. He says the mountain rests 
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on a plain consisting of gneiss and mica-slate; that the base of the 
mountain itself is a beautiful granite, or rather syenite; that this is 
succeeded by a bed of pale felspathic porphyry, consisting of a pale 
reddish matrix of compact or amorphous felspar, with numerous 
erystals of still paler felspar; that, when we arrive at the base of 
the great North-Eastern Precipice, this rock acquires a greenish- 
black colour, apparently owing to the felspathic matrix becoming 
“impregnated with the matter of hornblende”; that the whole 
immense mass of the precipice, a mile and a half in extent, and 
1500 feet in height, is composed of this dark porphyry, variously 
modified; and that. sometimes the porphytising crystals of pale 
felspar are so scanty, if not altogether wanting, that the rock — 
becomes difficult to distinguish from basalt or clinkstone. 

This description may be applied to the structure of the mountain 
in the present day ; but a more recent geology looks differently at 
the composition and nomenclature of its rocks. I have not seen a 
later publication on this subject. But Mr. Clement L. Wragge has 
favoured me with a perusal of a MS. account of it by Professor 
Judd of London, who writes from recent observation, and whose 
views agree with those of other geologists whom I have consulted. 
The whole mass of the mountain is a volcanic protrusion through 
the gneiss and mica-slate of the plain below on which the mountain 
rests. I may here observe in passing, that, as this substratum has 
a dip from south to north, mica-slate shows itself as part of the 
mountain at its southern face, where it forms the steep rugged north 
slope of the second reach of Glen Nevis. Here there is an extensive 
lofty terraced cliff, consisting of a tough fine-grained mica-slate,— 
if one may judge from examination of the enormous blocks which 
strew the bottom of the cliff, or the nature of the fixed beds that 

underlie it. The base of the mountain itself is granitic porphyrite ; 
_ the porphyrising ingredient being hornblende in numerous crystals. 
The whole prodigious mass above, composing the great North Eastern 
_ Precipice, is felstone porphyrite, coloured greenish-black by the 
admixture of some other mineral, sometimes assuming the external 
characters of a simple porphyry by porphyrisation with crystals of 
greyish-red felspar,—often putting on the characters of volcanic tuff 
or breccia owing to disappearance of the felspar crystals more or 
less,—and then occasionally becoming so dark that its structure as 
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a breccia is scarcely recognisable with the naked eye, though it 
becomes distinct when the rock is polished. In the latter condition 
it resembles clinkstone, as Macknight had shown. In its more 
distinctly brecciated form, it resembles serpentine; but it is quite 
unassailable with the point of the knife, while true serpentine is 
scratched with great ease. — 

No one has yet tried to discover by modern methods the nature 
of the dark greenish-black matter which gives the rock of the 
precipice its characteristic colour, and which Macknight assumed to 
be hornblende. But Professor Geikie will probably be able to settle 
that question by examining, microscopically, fine transparent sections 
made according to the method of the late Mr. Nicol. 

It is singular that hitherto no one has tried whether the rocks of 
Ben Nevis can be put to use. Some curiosity-monger at least 
might have been thought desirous of attempting to produce some 
memorial of his visit to these curious monuments of ancient volcanic 
agency. He would then have been surprised by the discovery that 
all of them are ornamental stones of considerable and sometimes — 
great beauty. | | 

In the autumn of 1880 my sons brought down to me from the 
very summit of the mountain a hand-specimen broken off from the 
solid rock, where it protruded through the surrounding wilderness 
of loose stones and blocks. The fresh fracture showed it to bea 
very pretty felstone-porphyrite; and I felt sure it would prove a 
fine ornamental stone, if hard enough to take ona high polish. Our 
skilful lapidary, Mr. Sanderson, found it to be the hardest rock he 
had ever worked ; and he produced the little pyramid, which has 
been already shown to many members of this Society, to their 
entire satisfaction. Last autumn I resolved to obtain, if possible, 
larger masses of all the forms assumed by the rock of the precipice ; 
and my sons, entering into my wishes, brought down from their 
excursion, already mentioned, ample specimens for showing the 
characters of all the chief varieties, besides materials sufficient for 
exercising the ingenuity of Mr. Sanderson in constructing an 
obelisk, in which he has been eminently successful. These speci- 
mens are now exhibited to the Society. In the obelisk the first 
step of the basement is granitic-porphyrite, the second a well-marked 
felstone-porphyrite. of the dark kind. The plinth is an equally 


- ; 
> 
; 


368 Proceedings of the Royal Society 


well-marked serpentinoid breccia, The shaft is also the same 
breccia, but so dark that its nature is scarcely recognisable in the 
rough state of the stone, or until it is finely polished, and viewed — 
with bright light. The separate pyramid is felstone porphyrite, 
with its porphyrising felspar crystals very small. This is the only 
specimen taken from the solid rock. But any block or stone of the — 
confusion covering the whole summit, or the slopes of the corries 
which cut the precipice, will furnish the curious with specimens 
equally characteristic ; for the weathering does not go deeper than 
the thickness of fine pasteboard. 

Let me add that any one who may be inclined to make the 
excursion to the base of the precipice, should by no means, unless 
_ himself an experienced mountaineer, attempt it without a good | 
guide; for the way up the rugged precipitous glen,—chiefly on 
the south-west bank of the valley stream, the Allt’-a-Mhui (mill 
burn) linn,—is tortuous, scarcely marked, and, in the frequent un- 
expected mists of the mountain, such as would be apt to lead into 
embarrassment and danger. A good view of the whole precipice 
is obtained by crossing to the north-east bank of the stream when 
about 2000 feet above Fort-William. But the opportunity should 
not be lost of ascending into the Corrie-na-Ciste, opposite the 
beholder, about 1200 feet higher, and surrounding himself with a 
wild amphitheatre of shattered precipices, rocks, blocks, and stones, 
without any trace of the works or habits of man within his sight. 


2. On the State of Carbon in Iron and Steel: a New 
Hypothesis of the Hardening of Steel. By R. Sydney 
Marsden, D.Sc., F.R.S.E., &c. 


(Abstract. ) 


This paper first treats of the composition and properties of the 
different kinds of iron, known as wrought iron, steel, and cast 
iron, and especially of the changes which steel undergoes on being 
heated to redness and then suddenly cooled by plunging it into 
water, mercury, or oil, and known as hardening ; also of the peculiar 
property known as tempering, by which the hardness and brittleness 
can be removed. | 
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After having passed in review the chief properties of the 
different kinds of iron, the paper goes on to discuss the different 
theories that have been proposed to account for these properties. 

An objection is raised against the different theories which 
consider the iron and carbon as chemically united together, on 
the grounds that if these hypotheses be true, we are then presented 
with an anomaly unknown in any other instance, viz., that of 
two elements uniting together in all proportions up to a certain 
point, and then suddenly losing this power, and it is very difficult 
to believe that such can be the case, whilst another difficulty is the 
fact of the carbon being capable of changing its condition and 
passing in and out of combination under the action of heat or 
different methods of cooling, in a manner at once extravrdinary 
and totally different from anything else with which we are ac- 
quainted in the whole range of chemistry. 

A new hypothesis is then given with regard to the nature of 
: the different kinds of iron. 

The carbon is considered to be in a state of solution in the i iron, 
and it is shown (by analogy of what takes place in the case of 
a solution of carbon in silver) how if the metal be cooled slowly 
the carbon by preference crystallises in the graphitic form, which 
accounts for the carbon in slowly cooled steel and cast iron being 
chiefly in that condition. But how if the cooling be rapidly 
effected by plunging the metal in water or running it into a cold 
mould (as in chill casting) then the carbon is not as it were given 
the option as to which form of crystallisation it will take, but is 
caused to crystallize in the diamond form, and in this way the 
hardness of steel and chilled cast iron is accounted for by the 
presence of an innumerable quantity of excessively minute diamond — 
points disseminated over the whole surface of the hardened metal. 
It is then shown how (supposing this hypothesis to be correct) 
such points of difficulty as the following can be explained, 
namely :— 

1. What constitutes the difference between steel and white cast 

iron, and between white and grey cast irons? 

2. Why steel requires some time after fusion of the ie - 

become good steel ? 

3. How the hardening of steel takes place ? 


; 
\ 
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4, Why hardened steel has a less sp. gr. than unhardened steel, 
and why it is so brittle? 

5. How tempering is effected? 

6. How the passage of carbon from one condition to another can 
be accounted for? 

7. How rehardening takes place ? 

8. How the brittleness of steel is removed by tempering ? 

9, Why hardened steel instruments when used pated lose 
their hardness ? 

10, Why iron containing from 0-4 to 1 ‘7 per pen of carbon only 
presents these properties of hardening and more particularly 
of tempering that are peculiar to steel ? 

11. How damascened steel is produced ? 

- Steel is regarded as a normal solution of carbon in iron, and cast 

iron as a supersaturated solution, and it is shown how the difference 


_ between a normal and a supersaturated solution is sufficient to 


account for differences as great as these between steel and cast iron. 
Objections to this hypothesis are then discussed, particularly the 
the two strongest, viz., (1) the production of hydrocarbons when 
hardened steel or white cast iron is dissolved in acids; and (2) the 


reversed analogy of the copper and tin alloys in favour of the 


physical theory. 


3. Some Physical Experiments bearing upon the Circulation 
of the Blood-Corpuscles. By D, J, Hamilton, M.B., 
F.R.S.E. 


(Abstract. ) 


When the circulation of the blood is observed in the transparent 
tissues of an animal, it is noticed that the coloured corpuscles run 
in the axial part of the stream, while the colourless mostly keep in 
the peripheral still current. The coloured corpuscles move much 
faster than the colourless; they have also a gliding, while the 
colourless have a rotatory, motion. Further, if the frog’s web be ~ 
examined in the upright position, with the microscope inclinéd so | 
as to be horizontal with the table on which it is placed, it is 


noticed that the great majority of the leucocytes not only flow in 


? 
i 
; 
i 
4 
i 
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the peripheral stream, but on the upper surface of the vessel. From 
a number of observations of blood-vessels in the frog’s web, 
examined in this position, it was found that for every 13 leucocytes 


which are seen running along the lower surface, there is an | 


average of 92 on the upper. In fact, the only time, apparently, 
in which a leucocyte gets to the lower surface, is in passing round 
a curved capillary, where, in changing its position, the stream of 
coloured corpuscles prevents it from gaining the upper surface of 
the vessel for some distance. If followed along the stream, suffi- 


ciently far, such a leucocyte is eventually found to make its way 
through the stream of coloured blood-corpuscles and to gain the ~ 


upper surface of the vessel. 

If the freshly-shed blood of a triton be passed through a 
capillary glass tube, in the horizontal position, or examined with 
the microscope inclined as in the above observation, the leucocytes 
are found, almost without exception, to run on the upper surface of 
the tube, the hemocytes in the middle of the stream; and, when 
the circulation in the tube ceases, the leucocytes remain on the 
upper surface, while the coloured blood-corpuscles have a slight 
tendency to sink to the bottom of the tube. 


_ If a capillary vessel, capable of admitting only a single file of 


blood-corpuseles, be examined in the upright position, the colourless 


corpuscles are still found to be pressed against the upper surface of 


the vessel and to rotate, while the coloured pass along without 
pressing against either the upper or lower surface, and have, even 
here, a gliding motion. | | 

From these facts the conclusion is drawn that the leucocytes are 
considerably lighter than the coloured blood-corpuscles in blood 


circulating through blood-vessels or in freshly-drawn blood. The | 


coloured blood-corpuscles must also be in circulating blood, (as 
proved by the following experiments) of almost exactly the same 
specific gravity as the blood-plasma. If any divergence between 
the two exists the coloured blood-corpuscles are slightly the heavier. 
The colourless, on the other hand, must’ be specifically consider- 
ably lighter than the blood-plasma in the living condition. 

_ The reason of the colourless corpuscles not all coming to the 


upper surface when blood is freshly drawn is (as shown experi- 


mentally), that the coloured blood-corpuscles are in so much greater 
VOL. XI. 3B 
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abundance than the colourless. The coloured, by their prepon- 
derance and slight downward tendency in shed blood, retain the 
lighter colourless corpuscles in any position in which they may 
have been placed, unless at the immediate surface, where there is a 
possibility of escape. All observations on this subject must be 
made on freshly-drawn blood, or on the blood as it circulates 
through the vessels. : 

With these data a series of experiments was shown on the. 
circulation of bodies through tubes. The circulating: liquid was 
water, and the bodies employed for circulating in it were made of 
wax and different heavy colouring matters. Experimenting first 
with spheres, it was found that, if a series of these be taken made 
of wax and a metallic powder, so as to be specifically considerably 
heavier than water, the smaller the sphere is the longer it takes to 
pass along the tube. This is explained entirely upon the relationship 
between the specific gravity of the liquid to the objects suspended in 
it. The sphere, when dropped into the tube in which the water is 
circulating, is acted upon mainly by two forces, the one is its 


ee | a Specific gravity acting in this case in a down- 
ward direction, and which may be represented 
p in magnitude and direction by the line AB 


5 (fig. 1); while the other force is comprised 
3 in the strata of water acting in direction AC. — 
Fig, 1. If the lines AB, AC then represent in 
magnitude and direction the two forces which influence the sphere 
when dropped into the current, it is evident that the direction 
which the sphere will take, immediately after being immersed, will 
be that of the diagonal AD; and consequently the heavy sphere 
always comes, in the course of time, to the bottom 
of the tube. When in this situation, the smaller 
it is the more it is placed in the slow strata of 
liquid circulating at the periphery of the tube, 
NN while the larger it is, within bounds which will 
Fig. 2. allow it freely to rotate, the more of the swift 
axial filaments of liquid impinge upon it. Hence the large moves 
faster than the small sphere. Fig. 2 will illustrate this, where 
TTT represents a section of the tube, and abc the spheres of different 
sizes. With spheres of specific gravity lighter than water the 


P 

. 

; 

j 
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same phenomena are noticed, the only difference being that they 
run along the upper instead of the lower surface of the tube. 
The diagram representing them is seen in fig. 3. 

In the case of spheres which are of the same specific gravity, or 
which differ only very slightly from the specific 
gravity of the liquid in which they are immersed, 
the relationship is quite different. Here specific 
gravity being alike between spheres and liquid, one 
of the forces which formerly acted upon the 
sphere is removed, and the only force now acting Fig. 3. 
upon it is horizontal, and is represented by the strata of liquid. 
The friction ‘is least at the centre of the tube, greatest at the 
periphery. The pressure is greatest where the resistance is 
least. Such spheres, of specific gravity equal with the liquid, 
always, therefore, tend to be pressed into the centre of the stream. 
Hence, the smaller they are the faster they will | 
circulate, because the small sphere comes in contact 
only with the swift filaments of liquid in the axis, 
while the larger it is the more it becomes arrested 
in its movement by the slow strata at the peri- | 
phery of the tube. This is represented in fig, 4. 4 

Discs show exactly the same phenomena, the only qualification 
being, that when they are lighter or heavier than the liquid they 
sometimes tend to fall over on their side rather than run on their 
edge, and this of course creates a fallacy. When they are of 
specific gravity equal with the liquid it does not matter how they 
lie, 

The lighter and heavier spheres, further, rotate, while those of 
equal specific gravity with the liquid have the gliding motion of 
_ the coloured blood-corpuscles. The former come in contact with 
the wall of the tube, the friction against which causes them to 
rotate ; while the latter not touching the tube wall, instead of 
rotating, have a smooth gliding motion. 3 

Experiments with numbers of finely divided bodies in a capillary 
tube, such as those employed by Schklarewsky (Pfiliiger’s Archive, 
1., 1868), are fallacious in many respects, specially in the fact that 
the exact relationship between the specific gravity of each particle 
and the liquid in which it is immersed is not known. Capillary 


ph 
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experiments made by the author completely bear out those made 
with a larger tube. He has been unable to verify some of Schkla- 
rewsky’s statements. 

To summarise the conclusions arrived at in this first part of the 
paper they are the following :— 


1. 


bo 


If the specific gravity of several different sized spheres is 
greater or less than the liquid in which they are suspended, 
the larger the sphere, provided it does not exactly fill the 
tube, the quicker it circulates. | 

If the specific gravity of several different sized spheres is equal 
with, or approaches close to, that of the liquid in which 
they are suspended, the larger the sphere the slower it 
circulates. 

Spheres of the same size, all specifically heavier or lighter 
than the suspending liquid, and differing from each other in 
specific gravity, move less rapidly the more they diverge in 
specific gravity from that of the liquid in which they are 
immersed. | | 

The nearer the suspended body approaches to the specific 
gravity of the liquid in which it is suspended, the more it 
tends to occupy the centre of the stream. | | 

If a sphere is of the same specific gravity as the liquid in 
which it is immersed, whatever its size in relation to the 
tube, it will circulate quicker than any other sphere of the 
same size. 

The same statements essentially hold good for discs. 

B ‘ties so much heavier or lighter than the suspending liquid 
as to cause them to come in contact with the wall of the 
tube, rotate. Those whose specific gravity is equal with | 
that of the suspending liquid, running as they do in the 
axis, glide. This holds good whether the body be a sphere ~ 
or a disc. | | 

A disc and a sphere, each of the same specific gravity as the 
liquid, of equal absolute weight and. of equal diameter, 
circulate in the same time, and both have a gliding motion. 

In bodies heavier or lighter than the liquid in which they are 
immersed, provided they are so constructed as to be acted 


3. | 
4. 
5. 
6. 
| 

8. 
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upon by the same filaments of liquid, the greater the mass 
the slower the progress. 


From these data it is evident that if the coloured blood-corpuscles 
were not of the same, or very nearly the same specific gravity as the 
blood-plasma, the circulation would be a physical impossibility. 
The essence of the blood circulation is, that the majority of the | 
corpuscles never touch the walls, and henee undue friction is 
avoided. 

It is further probable that, in hydremia or other blood disease, 
where the specific gravity of the plasma is altered, the evidences of 
vascular disturbance may be due to obstruction to the onflow of the 
corpuscles owing to an abnormal relationship between them and the 
plasma. 

The dropsy of albuminuria may be accounted for by the increased 
friction of the circulating blood, caused by the alteration of the 
specific gravity of the plasma, from loss of albumin, giving rise to 
increased tension. This may also account for the passive conges- 
tions and inflammations which occur under these conditions. . 

That a proper relationship between the specific gravity of the 
blood-plasma and the bodies suspended in it is absolutely necessary 
for the easy circulation of the blood, is shown by several striking 
observations. Milk, if injected into a vein, has the greatest 
difficulty in passing through the pulmonary capillaries ; its particles 
are too light, and become arrested. Oil globules, when they gain 
entrance into the circulation, as after fracture of certain bones, and 
in the lipemia of diabetes mellitus, frequently produce fatal results, 
for the same reason. The entrance of air into the circulation brings 
about a fatal result, probably from the same cause. It gives rise 
to air embolism. 

Experiments were next shown with a curved tube to illustrate — 
how it is that, as the blood-current becomes retarded in inflammation, 
and as stasis is approached, the leucocytes tend to accumulate at 
the periphery of the vessel. A light sphere, introduced into the 
curved tube with a slow stream cannot pass the first curve of the 
tube, and becomes arrested at its periphery. A sphere of the same 
specific gravity as water, however, passes through the curved tube 
with the greatest ease. A filtering action is thus exerted by the 


376 Proceedings of the Royal Society 


tube, as regards the leucocytes, when the current becomes slow, 


while the coloured blood-corpuscles pass onwards without impedi- 
ment. When the stream is rendered more powerful the lighter 
spheres are also carried along. 

Another experiment was shown to illustrate how it is that in 
inflammation the leucocytes, after they have accumulated in the 
peripheral layer, are driven through the wall of the vessel. A tube 
was employed from which a portion, 6 inches long and for about half 
its circumference, had been cut out. This was covered with a mem- 
brane in which were several pin-point apertures. Pieces of a thin 
solution of gelatine, about half an inch square, were introduced into 
the tube. So long as the distal end of the tube is freely open, the 
water has only a slight tendency to exude from the apertures, and 
the pieces of gelatine have not any tendency to do so. When, 
however, the end of the tube is closed or partially obstructed, the 


membrane becomes distended. From the apertures in it little jets 


of water issue, and very soon the pieces of gelatine are attracted | 
to the apertures, and are extruded from them in great numbers, 
though the pieces of gelatine are probably from thirty to sixty 
times as.large as the apertures through which they make their exit. 
There is first noticed a little bud-like process outside the aperture ; 
this enlarges, and soon the whole mass is pushed through wet 
like a leucocyte in an inflamed part. 

The conclusions from this experiment, and from other consider- 

ations are | 

1. That the leucocytes in inflammation are driven through the - 
natural apertures in the vessel wall by the diverted blood- 
pressure. 

2. That the reason of their being extruded in numbers greater 
than the coloured blood-corpuscles is that in the slowing of 
the blood stream, previous to their diapedesis, they have 
accumulated at the periphery, and are applied over the 
apertures in the vessel in preference to the coloured cor- 
puscles, which are still circulating in its axis. If the circu- 
lation is suddenly arrested, as by ligature of a vein, the 
coloured corpuscles pass through the wall in much greater — 
numbers than the colourless, the reason being that there has 
not been time to form a peripheral layer of leucocytes, 
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3. The ameeboid movements of the leucocytes may assist in their 
extrusion, but they are certainly not the primary factor in 
the act. Any soft pliable bodies would similarly be extruded 
under the same circumstances. In lipemia oil globules 
pass through the vessel walls, where there is obstruction, 


in great numbers, and form. abscess-like collections of oil 
outside and around it. | 


Mr Geddes exhibited living specimens of Convoluta Schultzii, — 


his paper (vide infra) being — on account of the late- 
ness of the hour. 


Monday, 16th January 1882. 


Sir WILLIAM THOMSON, Hon. Vice-President, 
in the Chair. 


The following Communications were read :— 


1. On the Nature and Functions of the “Yellow Cells” of 
Radiolarians and Coelenterates. By Patrick Geddes. 


It is now nearly forty years since the presence of chl orophyll in 
certain species of Planarians was recognised by Schultze.* Later 
observers recognised that the green colour of certain Infusorians, of 
the common fresh-water hydra (7. ydra viridis), and of the fresh- 
water sponge (Spongilla fluviatilis), was due to the same pigment, 
but little more attention was paid to the subject until Ray 
Lankester applied the spectroscope to its investigation. He 
thus confirmed the presence of chlorophyll in those animals, 
and extended the list of chlorophyll-containing animals as 
follows 

Infusoria, Stentor Mullerit, &c.; Foraminifera; MRadiolaria, 


* Beitrage z. Naturgeschichte d. Turbellarien, 1851. 
+ Sachs, A Teat-Book of Botany (English edition), p. 687, note. 


; 
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Raphidiophrys viridis, Heterophrys myriapoda; Ccelenterata, 
Spongilla fluviatilis, Hydra viridis, Anthea cereus, v. smaragdina ; 
Vermes, Mesostomum viride, Bonellia viridis, Cheetopterus Valen- 
ciennesit ; Crustacea, Idotea viridis. 

The main interest of the question, of course, lies in its bearing on 
the long-disputed relations between plants and animals; for, since 
neither locomotion nor irritability are characteristic of animals, 
since many insectivorous plants habitually take in and digest solid 
food, since cellulose—that most distinctive of vegetable products— 
is practically identical with the tunicin of Ascidians, it becomes of 
the greatest interest to know whether the chlorophyll of animals, 
as believed by Claude Bernard, preserves its ordinary vegetable 
function of effecting, or at any rate aiding, the decomposition of 
carbonic anhydride in sunlight, and the synthetic production of 
_ gstarch.* For although it had long been known that Huglena 
evolved oxygen in sunlight, the animal nature of such an organism 
was thereby rendered more doubtful than ever. 

In 1878, however, while working at the zoological station of 
M. de Lacaze-Duthiers at Roscoff, I had the good fortune to find 
material for the solution of the problem in the chlorophyll-green 
Planarian (Convoluta Schultzit, O. Schm.), of which multitudes are 
to be found in certain localities on the coast, lying on the sand 
covered by only an inch or two of water, and apparently basking in 
the sun. It was only necessary to expose a quantity of these 
animals to direct sunlight to observe the rapid evolution of bubbles 
of gas, which, when collected and analysed, yielded from 45 to 55 
per cent. of oxygen. Both chemical and histological observations 
showed the abundant presence of starch in the green cells, and thus 
these animals, and presumably also Hydra, Spongilla, &c., were 
shown to be truly “ vegetating animals,” + 

‘Being at Naples early in the spring of 1879, I aia to sun- 
light such of the other reputedly chlorophyll-containing animals as 
I could obtain there, namely, Bonellia viridis and Idotea viridis, t 


* ‘Certain animals (Infusoria, Coelenterata, T wrbellaria) possess chloro- 
phyll, but there is no evidence to show what part it plays in their economy.” 
- Huxley, Anat. of Invert. Anima!3, 1877, p. 48. 

+ ‘‘Sur la Chlorophylle Animale,” &c., Archives de Zool. Exp., 1880, and 
Proc. Roy. Soc. Lond., 1879. 

t Ibid., Postscriptun. 
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while Krukenberg had been making the same experiment with 
Bonellia and Anthea cereus at Trieste.* Our results were totally 
negative, but so far as Bonellia was concerned this was scarcely to 
be wondered at, since the later spectroscopic investigations of 
Sorby and Schenck had corroborated the opinion of Lacaze- 
Duthiers+ as to the complete distinctness of its pigment from 
chlorophyll. Krukenberg, too, who follows Sorby in terming it 
bonellein, has recently figured the spectra of Anthea-green,t which 
also differs considerably from chlorophyll, while I am strongly 
of opinion that the pigment of the green Crustaceans (Idotea, &c.), 
is even more distinct, having not improbably a merely protective 
resemblance. I have also exposed to light the green shrimp 
(Palemon viridis), the green polychete annelid (Phyllodoce viridis), 
Chetopterus Valenciennesit, and a small greenish Tectibranchiate 
mollusc, Dolabella sp., but as I had expected, without finding the 
slightest evolution of oxygen teke place. ; 

We may now pass to the discussion of the proper subject of the 
present paper, the long outstanding enigma of the nature and — 
functions of the “yellow cells” of MRadiolarians, &c. These 
bodies, which were first so called by Huxley in his description of 
Thalassicolla, are small bodies of distinctly cellular nature, with a 
cell-wall, well-defined nucleus, and protoplasmic contents saturated 
by a yellow pigment. They multiply rapidly by transverse fission, 
and are present in almost all Radiolarians, but in very variable 
number. Johannes Miiller at first supposed them to be concerned 
with the reproduction of the Radiolarian, but afterwards gave up 
this view. In his famous monograph, Heckel§ suggests that they 
are probably secreting cells or digestive glands in the simplest form, 
and compares them to the liver-cells of Amphioxus, and the liver- 
cells described by Vogt,|| in Velella and Porpita. Later, he made 
the remarkable discovery that starch was present in notable quan- 
tity in these yellow cells, and considered this as confirming his view 


* Vergleichend Physiologische Studien, Bd. I. Abth. 1, p. 167. 

+ ‘* Anat. de la Bonellie,” Ann. d. Sct. Nat. Zool., 4 Sér. tom. x. 
+ Vergl. Physiol. Studien, Bd. I. Abtheil 2, p. 76. 

§ Die Radiolarien, p. 136. — 

| ‘*Sur les Siphonophores,” &c., Inst. Nat. Génevois, tom. i. 1854. 
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that these cells were in some way related to the function of nutri- 
tion,* particularly as stores of reserve-material. _ 

In 1871 a very remarkable contribution to our knowledge was 
made by Cienkowski,+ who strongly expressed his opinion that 
these yellow cells were parasitic alge, pointing out that our only 
evidence of their Radiolarian nature was furnished by their constant 
occurrence in most members of the group. He showed that they 
were capable not only of surviving the death of the Radiolarian 
for a week or moro, but even of multiplying, and of passing through 
an encysted and an amceboid state (phenomena which, while not 
indeed deciding the significance of the yellow cells, are yet in the 
highest degree foreign to:the life processes of the Radiolarians), and 
urged their mode of multiplication, and the great. variability of their 
number within the same species, as further evidence of the justice 
of his view. | 
_ The next important work was that of Richard Hertwig,t pub- 
lished five years later. He inclined to think that these cells some- 
times developed from the protoplasm of the Radiolarian, and failed 
to verify the observations of Cienkowski, suggesting that, as in 
higher organisms, one portion might continue in life for some time 
after the rest, without thereby proving its distinctness, and con- 
cluding with Heckel, that the yellow cells “fiir den Stoffwechsel 
der Radiolarien von Bedeutung sind,” and that their main function 
was to store up reserve-material, starch, &c., until the organism | 
should require it. In a later publication, however,§ he hesitates to 
decide as to “this most controverted point of Radiolarian mor- 
phology,” and limits himself to suggesting two considerations in 
favour of their parasitic nature; first, that yellow cells are to be 
found in Radiolarians which possess only a single nucleus, and that 
the origin of their nuclei from that of the Radiolarian is highly 
improbable ; and secondly, that they are absent in a good many 
species, | | 

later investigator, Dr. Brandt|| of Berlin, has completely 

* “ Amylum ind. gelben Zellen d. Radiolarien,” Jena Zeitschr., 1870, p. 582. 

+ ‘‘ Ueber Schwarmerbildung bei Radiolarien,” Archiv. Mikr. Anat., 1871. 

t Zur Histologie d. Radiolarien, Leipzig, 1876. 


§ ‘‘Der Organismus d. Radiolarien,”’ Jena Denkschriften, 1879. 


| ‘* Untersuchungen an Radiolarien,” Monatsb. Akad. Wiss., Berlin, 1881, 
p. 388. | | 
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firmed the main discovery of Cienkowski, since he finds the yellow 
cells to survive for no less than two months after the death of the 
Radiolarian, and even to continue to live in the gelatinous investment 
from which the protoplasm had long departed in the form of swarm- 
spores. He sums up strongly in favour of their parasitic nature, 
urging, besides the arguments of Cienkowski and Hertwig, their 
great agreement in families otherwise widely different. The exist- 
ence of similar cells in certain Actinians, and their resemblance to a 
parasitic organism discovered by him in Actinospherium, as well 
as the fact that they first make their appearance in the outer parts 
of the jelly of the young Collozowm, and gradually make their way 
inwards. He found, too, that the nuclei of the yellow cells stains 
more deeply with carmine than that of the Radiolarian, and, 
although failing to confirm Hackel’s discovery of starch, he con- 
cluded that the membrane consists of cellulose, since it gave a 
bluish tinge with acid solution of iodine. 

Meanwhile similar paradoxical bodies were being described by the 
investigators of other animal groups. Heckel had already compared 
the yellow cells of Radiolarians to the liver cells of Velella,* but the 
brothers Hertwig{ first called attention to the subject by expressing 
their opinion that the well-known “ pigment bodies” described by 
Heidert and others in the endoderm cells of the tentacles of many 
gea-anemones were also parasitic alge. This opinion was founded 
on their occasional occurrence outside the body of the anemone, on 
their irregular distribution in various species, and on their resem- 
blance to the yellow cells of Radiolavians, But they failed to 
demonstrate the presence of starch, cellulose, or chlorophyll. My 
friend, Dr. Angelo Andres, has also studied them in many genera 
and species of anemones. Korotneff§ has recently described and 
figured similar cells from the endoderm of Myriothela, and M. de 
Merejkowsky informs me that he has made similar observations in 
two Infusorians, Ceratiwm tripos and Vorticella, n. sp. Moseley || 
has observed somewhat similar bodies in Orbitolites, and Lankester™ 

* Loc. cit. — 

+ ‘* Die Actinien,” Jena Zeitschr., 1879, p. 495, plate xix. 

t “* Ueber Sagartia troglodytes,” Sitzwngsb. d. Wien. Akad., 1877, p. 385. 

§ On ‘‘ Myriothela (Russian),” Soc. Nat. Hist. Moscow, 1881. 


|| Notes of a Naturalist on the Challenger, p. 298. 
GF “On Haliphysema,” Quart. Jour. Micro, Sci., 1879, p. 482. 
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in Haliphysema. All these naturalists hold more or less strongly the 
same view as the brothers Hertwig. 
- The last of this long series of researches is that of Hamann,* who 


has investigated the similar structures which occur in the oral region 


of many Rhizostome Medusx. While adopting the view of Cien- 
kowski as to the parasitic nature of the yellow cells of Radiolarians, 
he maintains that those of anemones and jelly-fishes give quite 
different chemical reactions, and are to be regarded as a 
glands. 

In the hope of clearing up these contradictions, I returned to 


Naples in October last, and first convinced myself of the accuracy 


of the observations of Cienkowski and Brandt as to the survival of 


_ the yellow cells in the bodies of dead Radiolarians, and their assump- 


tion of the encysted amceboid states. Their mode of division is 
thoroughly algoid ; just as in rapidly dividing Protococcus one finds 
not unfrequently groups of three and four. Starch is invariably 
present in notable quantity, as described by Heckel; the cell-wall 
is of true plant cellulose, and yields a magnificent blue with iodine 


‘and sulphuric acid, while the yellow colouring matter is identical 


with that of diatoms, and yields the same greenish residue after 
treatment with alcohol. So, too, in Velella, in sea-anemones, and in 
a Rhizostome medusa (Cassiopeia borbonica) in all cases the proto- 
plasm and nucleus, the cellulose, starch, and chlorophyll, can be made 
out in the most perfectly distinct way. The failures of former 
observers in obtaining these reactions (in which I at first also 
shared) have been simply due to neglect of the ordinary botanical 
precautions. Such reactions will not succeed until the animal 


tissue has been preserved in alcohol, and macerated for some hours 


in a weak solution of caustic potash. Then, after neutralising the 
alkali by means of dilute acetic acid, and adding a weak solution of 
iodine, followed by strong sulphuric acid, the presence of starch and 
cellulose can be successively demonstrated in the same preparation. 
Thus, then, the chemical composition, as well as the structure and 
mode of division of these yellow cells are those of unicellular alge. 


I therefore propose for this alga the generic name of Philozoon, 


and distinguish four species, differing slightly in size, tint, mode 


* * Die Mundarme d. Rhizostomen,” Jena Zeitschr., 1881, 
+ Pfeffer, ‘ Pflanzenphysiologie,” Bd. I. p. 196. 
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of division, &., to which the names of P. radiolariarum, P. 
stphonophorum, P. actiniarum, and P. medusarum, according to 
_ their habitat, may conveniently be applied. 

It now remains to inquire what is the mode of life and what the 
function of such organisms. I accordingly exposed a quantity of 
Radiolarians, chiefly Collozowm inerme, to sunshine, and was 
delighted to find them soon studded with tiny gas bubbles. 
Although it was not possible to obtain enough for a quantitative 
analysis, I was able to satisfy myself that the gas was not absorbed 
by caustic potash, but was partly taken up when pyrogallic acid was 
added. ‘Thus little or no carbonic acid was present; but a fair 
amount of oxygen was present, diluted, of course, by nitrogen. The 
exposure of a shoal of the beautiful blue pelagic siphonophore 
-Velella for afew hours enabled me to collect a large quantity of gas, 
which yielded from 21 to 24 per cent. of oxygen, that subsequently 
squeezed out of the interior of the chambered cartilaginous float, 
giving only 5 per cent. But the most startling result was obtained 
by the exposure of the common Anthea cereus, which yielded great 
quantities of. gas, containing on an average from 32 to 38 per cent. 
of oxygen.* 

At first sight it might seem impossible to reconcile this copious 
evolution of oxygen with the completely negative results obtained 
from the same animal by so careful an experimenter as Kruken- 

@ berg, yet the difficulty is more apparent than real. I was at 
length able to obtain, through the kindness of Dr. Andres, 
a large and beautiful specimen of Anthea cereus, var. smarag- 
dina, which has its tentacles tipped with purple, and of a 
far more beautiful green than that with which I had before 
been operating, the dingy brownish olive var. plumosa. The 
former owes its colour to a green pigment diffused chiefly 
through the ectoderm, but has comparatively few alge in its 
endoderm, while in the latter the ectodermic pigment is present in 
much reduced quantity, but the endoderm cells are crowded with 
alge. The specimen just referred to, and also one of plwmosa, were 
placed in similar vessels side by side, and @xposed to full sunshine ; 
by afternoon the specimen of plumosa had evolved gas enough for 


* The amount of gas taken for analysis varied between 2 and 5 c.c., and 
averaged about 3°5 c.c. 
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an analysis, while the larger and finer smaragdina had scarcely 
produced a bubble. Two varieties of Ceriactis aurantiaca, one 
with, the other without, yellow cells, were next exposed, with a 
precisely similar result, The complete dependence of the evolution 
of oxygen upon the presence of algw, and its complete independence 


of the pigment proper to the animal was still farther demonstrated 


by exposing as many as possible of those known to contain yellow 
cells (Aiptasia chameleon, Helianthus troglodytes, &c.), side by side 
with a large number of forms from which these are absent, such 
as the green Actinia cari, Actinia mesembryanthemum, Sagartia 
parasitica, Certanthus, &c. The former never failed to yield 
abundant gas rich in oxygen, while in the latter series not a single 
bubble ever appeared. 

Thus, then, the colouring matter of dation described as chloro- 
phyll by Lankester, has really been mainly derived from that of the 
endodermal alge of the variety plumosa, which predominates at 
Naples, while the Anthea-green of Krukenberg must mainly consist 
of the green pigment of the ectoderm, since the Trieste variety evi- 
dently does not contain alge in any great quantity. But since the 
Naples variety, contrary to the opinion of the brothers Hertwig,* — 
does contain a certain amount of ordinary green pigment, and since 
the Trieste variety is tolerably sure to contain some alge, Heider 
having indeed shown the presence of yellow cells in Sagartia, both 
spectroscopists have thus been operating on a mixture of two wholly 


distinct pigments—one vegetable, the other animal—diatom-yellow 


and Anthea-green. 
- But what is the physiological relationship of the plants and 


| animal thus so curiously and so intimately associated? Everyone 


knows that the colourless cells of a plant share the starch formed by 
the green cells, and, in fact, subsist at their expense, and it seems 
impossible to doubt that the animal cell must similarly profit by its 
labours. In other words, when the vegetable cell dissolves its own 
starch, some must needs pass out by osmosis into ‘the closely 
enveloping protoplasm of the surrounding animal cell, nor must it 
be forgotten that the latter possesses abundance of amylolytic 
ferment. Then, too, the Philozoon is subservient in another way 
to the nutritive functions of the animal, for it dies and is 


* Cf., Heckel, Jena Zeitschr., 1870, p. 582, 
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digested ; the yellow masses supposed by various observers to be 
developing cells, being sometimes, no doubt, Tintinnoids in process 
of digestion, as supposed by Cienkowski, but much more frequently 
specimens of Philozoon in progress of solution and disappearance. 

Again, the animal cell is constantly producing carbonic acid and 
nitrogenous waste, but these are the first necessities of life to our 
alga, which removes them, so performing an intracellular renal 
function, and, of course, reaping an abundant reward, as its rapid 
rate of multiplication shows. — 

Nor do the services of the Philozoon end here, for during sunlight 
it is constantly evolving nascent oxygen directly into the surrounding 
animal protoplasm, and thus we have actually foreign vegetable 
chlorophyll performing the respiratory functions of native animal 
hemoglobin. And the resemblance becomes closer when we bear 
in mind that it has been shown that hemoglobin frequently lies as 
a stationary deposit in certain tissues like the tongue muscles of 
certain molluscs,* and the nerve-cord of Aphrodite and Nemerteans. 

The importance of this respiratory function is well shown by 
comparing specimens of the common red and white Gorgonia, 
which are usually considered as being mere varieties of the same 
species, G. verrucosa. The red variety is absolutely free from 
algee, which of course could not exist in such deeply coloured light, 
while the white variety, which I am inclined to think usually the 
commoner, larger, and better grown of the two, is perfectly crammed. 
Just as with the anemones above referred to, the red variety evolves 
no oxygen in sunlight, while the white yields abundance, and we 
have thus two widely contrasted phystolugical varieties, as we may 
call them, without the least morphological difference. The white 
specimen, placed in spirit, yields a strong solution of chlorophyll ; 
the red again gives a red solution, which was recognised as contain- 
ing “tetronerythrin” by my friend M. Merejkowsky, who was at the 
same time and place investigating the distribution and properties 
of that remarkable pigment, so widely distributed in the animal 
kingdom. This substance, which was first discovered in the red 
patches which decorate the neck and head of many birds, has 
recently been shown by Krukenberg} to be one of the most 


* Lankester, Brit. Ass., 1871, p. 140. 
t Vergleich. Physiol. Studien, Bd. I. Abth. 2. 
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_ important of the colouring matters of sponges, while Merejkowsky * 
now finds it in fishes and in almost all classes of invertebrate 
animals. It has been strongly suspected to be an oxygen-carrying 
pigment, an idea to which these observations seem to me to give 
considerable support. It is, moreover, readily — by light, 
another analogy to chlorophyll.t 

When one exposes an aquarium full of Anthea to sunlight, the 
creatures, hitherte almost motionless, begin to wave their arms, as 
if pleasantly stimulated by the oxygen which is being developed in 
their tissues. Specimens which I kept exposed to direct sunshine 
for days together in a shallow vessel placed on a white slab, soon 
acquired a dark unhealthy hue, as if being oxygenated too rapidly, 
although I protected them from any undue rise of temperature by 
keeping up a flow of cold water. So, too, I found that Radiolarians 
were killed by a day’s exposure to sunshine even in cool water, and 

it is to the need for escaping this too rapid oxidation that I ascribe — 
their remarkable habit of leaving the surface and sinking into deep 
water early in the day. We may readily understand the mechanics 
of this phenomenon by remembering that the starch formed during 
the morning’s exposure to sunshine would increase the specific | 
gravity of the Radiolarian, and so sink it, while its digestion and 
oxidation would again lighten it. 

It is easy, too, to obtain direct proof of this absorption of a great 
part of the evolved oxygen by the animal tissues through which it 
has to pass. The gas evolved by a green alga (Ulva) in sunlight 
may contain as much as 70 per cent. of oxygen; that evolved by 
brown alge (Haliseris), 45 per cent. ; that from diatoms about 42 
per cent. That, however, from the animals containing Philozoon, 
gave a much lower percentage of oxygen, e.g., Velella, 24 per cent. ; 
white Gorgonia, 24 per cent.; Ceriactis, 21 per cent.; while Anthea, 
which contains most algx, gave from 32 to 38 per cent. This 
difference between the amount of oxygen evolved by free and 
imprisoned alge is naturally to be accounted for by the avidity for 
oxygen of the animal protoplasm. | 


Comptes rendus, 1881. 

+ Krukenberg, however, disputes the identity of Mentieaky s pigment 
with that which he has investigated, as well as the analogy of the former to 
hemoglobin. See his Vergleich. Physiol. d. Verdawwng., Heidelb., 1882. 
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- Thus, then, for a vegetable cell no more ideal existence can be 
imagined than that within the body of an animal cell of sufficient active 
vitality to manure it with abundance of carbonic anhydride and nitro- 
genous waste, yet of sufficient transparency to allow the free entrance 
of the necessary light. And conversely, for an animal cell there can 
be no more ideal existence than to contain a sufficient number of 
vegetable cells, constantly removing its waste products, supplying 
it with oxygen and starch, and being digestible after death. For 
our present knowledge* of the power of intracellular digestion 
possessed by the endoderm cells of the lower invertebrates removes 
all difficulties both as to the mode of entrance of the alge and as to 
its fate when dead. In short, we have here the economic inter- 
relations of the animal and the vegetable world reduced to the 
simplest and closest conceivable form. 

It must be by this time sufficiently obvious that this remarkable 
association of plant and animal is by no means to be termed a case 
of parasitism. If so, the animals so infested would be weakened, 
whereas their exceptional success in the struggle for existence is 
evident. Anthea cereus, which contains most alge, probably far 
_ outnumbers all the other species of sea-anemones put together, and 
the Radiolarians which contain yellow cells, are far more abundant 
than those which are destitute of them. So, too, the young gono- 
phores of Velella, which bud off from the parent colony, and start in 
life with a provision of Philozoon (analogous to, yet far better than, 
a yolk-sac), survive a fortnight or more in a small bottle,—far 
longer, so far as my observations go, than any other small pelagic 
animals, So, too, a Rhizostome meduse like Cassiopeia, which is 
well provided with Philozoon, lives for weeks in an aquarium, while 
Pelagia, which has no alge, dies in a day or two. Anthea, too, can 
be exposed to light all day in stagnant water without apparent 
inconvenience, but dies if left in it over night. Such instances, 
which might no doubt easily be multiplied, show how beneficial the 
association is to the animals concerned. 

The nearest analogue to this remarkable partnership is found in 
the vegetable kingdom, where, as the researches of Schwendener, 
Bornet, Stahl, and others have shown, we have certain alge and 


* Krukenberg, Z. Kritik des Schriften ueb. sog. intracell. Verdawung b. Coel. 
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fungi associating themselves into the remarkable colonies known as 
lichens, so that we may not unfairly call our agricultural Radio- 
larians and Ccelenterates Animal Lichens, an alliance as to the 
possibility of which Semper * has already speculated. And if there 
be any parasitism in the matter, it is by mo means of the alga upon the 
animal, but of the animal, like the fungus, upon the alga, and this 
utilisation of plants by animals contrasts curiously with the inverse 
case of the utilisation of animals by vegetables shown us by carni- 
vorous plants. Yet the association of Anthea, &c., with Philozoon, 
exhibits a far more complex balance and interaction than either 
lichen or insectivorous plant, and stands unique in physiology as the 
highest development of the reciprocity between the animal and the 
vegetable kingdom. | 

Thus, then, the list of supposed iecieieteinies animals 
with which we started breaks up into three categories :—first, those 
which do not contain chlorophyll at all, but green pigments of 
unknown function (Bonellia, Idotea, &c.); secondly, those vege- 
tating by their own intrinsic chlorophyll (Hydra, Spongilla, 
Convoluta) ; thirdly, those vegetating by proxy, if one may so speak, 
Tearing copious crops of alge in their own — and profiting in 
every way by their vital activities. 

It might be objected that the chlorophyll of Convoluta, &e., is 
also derived from some alga more highly modified than our Philo- 
zoon by sojourn within the tissues of the animal, Only an embryo- 
logical investigation would of course furnish absolute. proof of the 
animal nature of chlorophyll; but pending this, I was enabled, 
through the kindness of M. de Lacaze-Duthiers, while returning — 
home through Paris in November, to re-examine specimens of 
this Planarian. Its green cells, however, bear not the slightest 
resemblance to Philozoon, or any other alga known to me; are not 
_ irregularly scattered, but form an almost continuous definite layer 
in every individual; are not of definite shape, nor bounded by any — 

_ Cellulose coat, but are irregularly ellipsoidal, semi-fluid, naked ; are 
“rarely, if ever, to be seen multiplying by transverse division, and 
do not survive the dedth of the animal for any length of time. It 
is also evident, on the most superficial examination, that the chloro- 


* Animal Life (Internat, Sci. Series), Lond., 1881, p. 74. 
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_ phyll corpuscles of Hydra and Spongilla are quite different from 
alge. 

To the Zoological Station Committee of the British Association, 
especially as represented by its secretary, Mr. Sladen, my best 
thanks are due and tendered, as also to my friends Drs. Andres, 
Hisig, and Mayer. 


Postscript, 21st April 1881. 


Having concluded this investigation, and having forwarded on 
26th October last my manuscript containing my results precisely as 
_ given above [minus only the hypothetic explanation given at p. 386 
of the mode of floating and sinking of Radiolarians, and of the 
concluding paragraph (p. 388) referring to Convoluta, which were 
added when the paper was read] to the medical faculty of the 
University of Edinburgh, as trustees for the quinquennial Ellis 
Physiology Prize, which they have since awarded it, as well as 
notice of the title of the paper to the Secretary of the Royal Society 
of Edinburgh, I naturally paid no further attention to the sub- 
ject. An opportunity for reading of the paper however, unfor- 
tunately, was not afforded me until 16th January last, and it was 
not until after the publication of an abstract in Nature for 26th 
January that I learned, first from a remarkable pseudonymous com- 
munication in The Academy for 29th January, and more satis- 
factorily from a note by Professor Moseley in Nature for 8th 
February, that a new paper by Dr. K. Brandt had appeared in the 
meantime dealing with the same subject.* 

In the succeeding number of Nature (16th February 1882) I 
gave a full summary of Dr. Brandt’s results, which have now been 
very largely republished, and which are as follows :— 

1. His observations are upon the green bodies of Hydra, Spongilla, 


* (a) ‘* Ueber das Zusammenleben von Thieren und Algen,” Verhandl. a. 
Physiol. Gesellsch. zu Berlin, 2 Dec. 1881. ee 
(b) Sitzwngsb. d. Gesellsch. naturforsch. Freunde z. Berlin, 15 Nov. 1881. 

(c) ** Die Symbiose niederer Tiere mit Algen,” Der Naturforscher, 14 Jan. 
1881. 

(d) Biologisches Centralblatt, 4 Jan. 1882. 

Ueber die Morphologische und physiologische des Chloro- 
phylls bei Thieren,” Archiv. f. Anat. wu. Physiol., Physiol. Abtheil,, April 1882. 
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@ fresh-water planariam, and numerous infusors. He finds that 


these green bodies are masses of hyaline protoplasm, containing a 
nucleus and a peculiarly curved chlorophyll granule. Sometimes 


_ two to six are present; these he considers as states of division. He 


regards these facts as proving that these bodies are unicellular alge, 
and erects the genus Zoochlorella. He finds them survive isolation, 
and even develop starch in light. Specimens from Spongilla were 
taken in by infusors, but were either digested or ejected, those from 
Hydra were, however, retained by Paramecium, Coleps, &c. He 
believes that the chlorophyll never se to the animals, but 
always to alge. 

I have, on the other hand, stated my opinion above, that in 


- certain animals, such as Hydra, Spongilla, and Convoluta, the green 


bodies do belong to the animals and are not alge, and I do not yet 
see sufficient reason for withdrawing that view. Dr. Brandt’s 
figures of Zoochlorella show no resemblance to any unicellular alge 
hitherto described, but (as has recently been clearly pointed out by 
Mr. Lankester, to whose paper * I shall subsequently refer) closely — 
resemble in form and mode of division the chlorophyll-granules of 


plants. Moreover, although he finds the green cells of Hydra to 


survive isolation he has not observed any morphological changes 
similar to those undergone by the yellow cells of Radiolarians. 
His experiments upon the infection of Paramecium by the green 
bodies of Hydra are also to my mind quite inconclusive, since the 


- remarkable indigestibility of chlorophyll must not be forgotten. 


Any one who examines, for instance, a scrap of Ulva which has 
passed through the digestive tract even of an Hchinus or an 
Aphysia, will often find the chlorophyll grains scarcely appreciably 
altered either in form or colour. It is not however altogether 
inconceivable that chlorophyll-granules should survive transference 
from one living protoplasmic matrix to another. 

Further .consideration of this portion of Dr. Brandt’s paper, 


especially in presence of Mr. Lankester’s recent elaborate destructive 


criticism,} seems 


* On “‘the Chlorophyll-Corpuscles and Amyloid Deposits of Spongi Ua and 
Hydra,” Quart. Jour. Micro. Sci., April 1882. 

t+ ‘On the Chlorophyll- Bodies and Amyloid Deposits of Hydra and Spon- 
gilla,” Quart. Jour, Micro, Sci., April 1882, 
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2. For the yellow cells of Radiolarians and Ccelenterates he 
proposes the name Zooxanthella, to which I do not object, especially 
seeing that he so ably argued for their algal nature in his first 
paper. 

8. He observes that large Radiolarian colonies show no signs of 
digesting foreign bodies, that these and also Spongilla can be kept 
best in filtered water, and that the latter did not live in a half- 
darkened room. 

These statements are all doubtless true, but they constitute an 
extraordinarily slender foundation for the doctrine of ‘‘ symbio- 
sis.” Many Radiolarians can be easily observed to digest foreign 


bodies ; every sponge, whatever its colour, requires great quantities 


of thoroughly pure water to keep it alive, while of course every one 
who has worked with living Radiolarians must have felt the 
necessity of transferring them when he wished to prolong their 
life from the impure water of the “ Auftrieb,” teeming as it is with 
dead and dying Crustaceans, fragments of Siphonsphores, and all 
manner of other impurities, to pure water. I am not surprised 
that Dr. Brandt did not mention this trivial fact as evidence for 
the algal nature of the yellow cells in his first: paper. 

4, Upon the above evidence, Dr. Brandt concludes that the alge 
maintain their hosts ; that so long as the animals contain few or 
none they feed in the ordinary way, but when sufficient alge are 
present, they are nourished like plants. This may perhaps be the 
case in Collozoum and some other Radiolarians, but Anthea, Velella, 
&c., are quite as voracious. as their congeners unprovided with 
chlorophyll. He further indicates an analogy to lichens (an 
hypothesis which, as I also state above, was first ventured by 
Semper, and which can hardly fail to have suggested itself to 
every observer since Cienkowski), and points out a distinction, 
since in a lichen there is an association of an alga with a true 
parasite, here a “‘ symbiose ” of alge with animals accustomed to 
independent life, which they however give up, and take in no 
further nutriment, Thus “in a morphological sense the alge, in 
a physiological sense the animals, are the parasites.” | 


I have already (p. 380) given Dr. Brandt full credit for the valua- 


able observations contained in his first paper. So I should be 
extremely sorry to depreciate the theoretic insight of the present 
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one. I must, however, point out that the theory stated by Dr. 
Brandt of symbiosis between animals and alge is, by his own 
showing, founded upon two lines of argument, first, that’ relating to 
“ Zoochlorella,” which we have seen to be no alga at all, and 
secondly that from the very simple fact that captive Radiolarians 
live longer in pure water! Such being the case, it is evident 
that (1) the demonstration of the truth of Cienkowski’s view that 
the yellow cells of Radiolarians and Ccelenterates are alge, (2) the 
development of Semper’s hypothesis of the lichenoid nature of the 
alliance between alga and animal into a theory of mutual inter- 
dependence, and (3) the transference of that hypothesis from — 
the region of plausible speculation into that of experimental science, 
remain with my paper. 

For it will not do to ignore, with Dr. Brandt, such weighty 
opposing evidence as (1) the recent direct statement of Hamann 
that the yellow cells of Meduse, &c., are not alge, but unicellular 
glands, (2) the observation of Krukenberg that Anthea cereus did 
not evolve oxygen in sunlight, or (3) the failure of himself and 
others to prove the presence of cellulose and chlorophyll, or even to 


confirm Haeckel’s discovery of starch in Radiolarians, observations 
which rendered the whole matter so utterly dubious that no 


botanist had ever accepted it, although its value, especially to 
disciples of Schwendener, is obviously great. But for the necessity 
of meeting these objections point by point, I might have published 
the doctrine of reciprocal accommodation before going to Naples at 
all. The temptation was strong, but then the subject would have 


remained as with Semper and indeed also with Dr. Brandt, in the 


region of unproved hypothesis, instead of demonstrated fact.* 

Nor is the theory of complete reciprocal accommodation between 
plant and animal entitled to supersede the at first sight more 
natural view held by Cienkowski, and formerly also by Dr. Brandt, 
of simple parasitism of the yellow bodies, until it has been shown, 
(1) that animals containing alge are actually successful beyond 


* I must also point out with reference to Dr. Brandt’s latest republication 
(Archiv. f. Anat. u. Physiol., 1882, p. 125), that the identity of Hydra fusca 
and Hydra viridis was made known several years ago by Duplessis, and with 
respect to the plate, that his figures of green infusors and their chlorophyll 


grains have been anticipated by Claude Bernard, Lecons sur les Phénoménes de 
la Vie, &c., Paris, 1878. 
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their fellows in the struggle for existence, (2) that the starch is 
actually consumed, and (3) that the alge are of importance in the 
function of respiration ; for which, again, it is necessary to show (a) 
the evolution of oxygen by the alge, (0) the absorption of a large 
percentage by the animal, and (c) the displacement of the pigment 
to which the respiratory pigment is usually assigned, by the alge 
when the former is normally present. 

B. In the very next number of the Biologisches Centralblatt,* 
after the publication of Dr. Brandt’s paper, and the reading of my 
own, there appeared a very interesting article by Dr. Geza Entz, 
pointing out that he had anticipated, as far back as 1876, most of 
the observations of Dr. Brandt’s paper, as well as the theoretic views 


we have both expressed. As, however, Dr. Entz’s paper seems un- 


fortunately never to have been translated from the original Magyar, 
it is not altogether surprising that both Dr. Brandt and ealaan 
should have overlooked it. 

wr. Entz has been able, for instance, to ealtivate. green ‘bodies taken 
from the bodies of numerous infusors, and to trace their develop- 
ment into forms recognisable as belonging to the genera Palmella, 
Tetraspora, Gleocystis, Pleurococcus, &c., and the entrance of spores 


of these into Infusorians. He too points out that the alge cannot: 


be regarded as parasites, but that the Infusorians must rather live 
at their expense; obtaining oxygen and supplying carbonic acid ; 
so that we have to do as in lichens “ with a i peculiar consortial 
relation of two wholly different organisms.” 

Although impugning, for reasons above stated at length, the 
justice of most of Dr. Brandt’s views respecting his Zoochlorella, 
of Hydra and Spongilla, there is of course the very greatest proba- 
bility that just as “ yellow cells” are sometimes to be found in marine 
Infusorians, so a similar association between fresh-water alge and 
animals should also sometimes occur. This Dr. Entz, by actually 
observing the change and growth of the green bodies after their 
removal from the animal, appears to have settled. But such facts 
by no means invalidate the arguments for the existence, in some 
other cases, of true animal chlorophyll. 

C. Since Dr. Entz shows that so many different algal forms may 


* “‘Ueb. d. Natur d. Chlorophyll Kérperchen niederer Tiere,” Biol. Cen- 
tralbl., 20 Jan. 1882. 
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form consortial relations, it also becomes evident that the attempt 
which has been made independently by Dr. Brandt and myself, at 
generic and specific definition of the yellow cells, pending more 
complete investigation of the forms they may assume when culti- 
vated in the free state, is doubtless premature, and I think it pre- 
ferable to withhold for the present the diagnoses of species, 
prepared as a note at p. 383. It may suffice to say that, as Professor 
De Bary has suggested to me, the “yellow cells” may have some 
affinity to Woronin’s * re Rosanoffit, which they at any 
rate resemble in colour. 

D. Mr. George Muiray + has pointed out the interesting analogy 
which exists between the young gonophores of Velella, which start 
in life provided with a stock of algee,—“ to the hymenial-gonidia of 
such lichens as Dermatocarpon, Polyblastia, &c., as described by 
Stahl The hymenial-gonidia, which are the offspring of the 
thallus-gonidia, are carried up in the formation of the apothecia, 
and are cast out along with the spores. Falling in the same 
neighbourhood, the spores, on germinating, enclose with their fila- 
ments the hymenial-gonidia, which ultimately become the thallus- 
gonidia of the new lichen. The fact that among the animals the 
most closely allied to each other morphologically differ thus widely 
- physiologically bears comparison with the near relations of the 


_ fungal parts of the lichens with the other ascomycetous fungi.” 


E. Professor Perceval Wright, in a lettert commenting on the 
subject of consortism or symbiosis, announces that he has observed 
that the spores of Chlorochytrium, and other alge, frequently also 
enter the bodies of animals. He also suggested in 1877 the possible 
relation of such cases to the lichen-gonidia question. _ 

A few years ago I was greatly perplexed by observing the 
zoospores of Ulva not being eaten, but vigorously burrowing their 
way into the bodies of the large and almost quiescent Amebe 
which abounded in the same aquarium. No doubt this was a case 
of the same kind as those observed by Dr. Entz and Dr. Perceval 
Wright. 


F. M. Max Cornu § has called attention to the fact that not 
* Bot. Zeitung, 1880. 


+ The Academy, No. 508 (1882), p. 67; and Jour. Roy. Mier. Sci., Apeil 
1882, p. 245. 


t Nature, 16th February 1882. § Comptes rendus, Dec. 1881, No. 26. 
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only do the algal constituents of lichens thrive better and live 
longer in association with fungi than similar alge living free, but 
that the same takes place in other cases, thus in the leaves of 
numerous phanerogams, where those parenchyma cells, which are 
directly attacked by the hypha of the parasite, live much longer 
than the rest. He explains this “par le retour des matiéres 
nutritives vers les centres de réserve que le mycélium contre- 
balance,” an expression which I do not very clearly understand. 
- He further explains that in the alge of lichens reproduction 
and development of spores is impeded, and vegetative life thus 
prolonged and enhanced, just as by preventing fiowering the life 
of annuals may be prolonged: This is all doubtless true, but it 
seems to me likely that a very important factor in the healthy 
nutrition of the alga would be afforded by the endosmose of the 
waste products of the fungal protoplasm in return for the exosmose | 
of its starch, &c. Doubtless this is included in Van Tieghem’s 
view of “mutual parasitism,” to what M. Cornu alludes, but to 
_ which I have not been able to refer. : 

G. So far as I am aware, the only remaining recent contribution 
to the literature of this subject is the paper by Professor Ray 
Lankester,* above referred to, in which he gives a full description, 
with figures, of the chlorophyll corpuscles and amyloid deposits of 
Hydra and Spongilla, together with a criticism of the views of 
Dr. Brandt to which I have already concurred. Mr. Lankester, 
however, lays what appears to me undue stress on the importance 
of the spectroscopic identification and analysis of chlorophyll, a 
mode of research which, as shown above, and as he indeed freely 
admits, has led to faulty results, and he has overlooked that I 
have clearly stated that the green colouring matter of Convolutat is 
true chlorophyll, having the usual solubility and fluorescence, and 
giving a spectrum closely resembling that of vegetable chlorophyll. 
I have also described the structural form in which the pigment 
occurs, as uniformly diffused through the ‘semi-fluid protoplasm of 
nucleated and granular cells, lying below the muscular layers of the 
integument, not collected into granules as in plants, nor in drops as 


* Quart. Jour. Micro. Sci., April 1882. 7 

t “‘ Observations on the Physiology and Histology of Convoluta Schultzti,” 
Proc. Roy. Soc. Lond., No. 194, 1879, p. 452. 

Ibid., p. 454. 
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in the green cells of Vorter viridis. I hope, however, shortly to 
figure these cells and the spectrum of their chlorophyll. 

I consider that experiment upon the living organism by exposure 
to sunlight is not only the best, but the only absolutely safe and 
certain way of recognising any pigment as chlorophyll. And the 
entire absence of any evolution of gas from Bonellia, Idotea, and : 
various other green animals (p. 379), disproves, at any rate, a ? 
extreme form in which Pringsheim’s “screen” theory is sometimes 
stated, although, as Lankester points out, and as Pringsheim 
doubtless intends, it is more probable that it should only be — ae e 

to true chlorophyll. 
Hi. L have omitted in the body of the paper to call attention to . | 
the great importance of consortism in the economy of nature, for, 
since the Radiolarians, and doubtless also, at least to a large an 
extent, the Foraminifera, are thus chiefly maintained, and since 
they serve as nutriment directly or indirectly to most of the higher — 
pelagic animals, the apparently disproportionate abundance of. 
animal life in the open sea becomes no longer enigmaticalh 


2. On the Thermodynamic Acceleration of the Earth's 
Rotation. By Sir William Thomson. 


It has long been known, having been first, I believe, pointed out 
by Kant, and more recently brought very near to a practical conclu- 
sion by Delaunay, that the earth’s rotational velocity is diminished 
by tidal agency, in virtue of the imperfect fluidity of the ocean. 
An integral effect of all the consumption of energy by fluid friction 
(or more properly speaking by continued deformation of fluid 
matter) in the tidal motions, is to cause the time of high water on 
an average for the whole earth to be not exactly either transit, or 
6 o'clock, as it would be were the ocean a perfect fluid, but to be 
some time after transit, and before 6 o’clock.* Thus we may 


* For brevity, I use the word ‘‘transit” to denote a time of transit of the tide- 
generating body (whether sun or moon), or a time of transit of the point of 
the heavens opposite to the tide-generating body, across the meridian of the | 
place ; and the word 6 ‘‘o’clock,”’ to denote the middle instant of the interval of : 
time between consecutive transits. If, to fix the ideas, we first think of the 
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imagine the average lunar tide for the whole earth to consist of a 
displacement of the water, presenting protuberances, not exactly 
towards moon and anti-moon, but in a line inclined at an angle to | 
the line joining moon and anti-moon, in the direction indicated by 


x. 
OA | A 
Fig. 1. Fig. 2. 


the drawing (fig. 1), in which M, A represent the directions of 
moon and anti-moon, and H, H’ the crowns of the ideal spheroid, 
representing the average water-level for the whole earth, The 
angle HCM is made 87° 30’, which would be actually the case if 


lunar tide alone as if there were no solar tide, 6 o’clock will mean 6 lunar 
hours before or after a lunar transit. 
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4 o'clock lunar time were the average time of high water for the 
whole earth. It is obvious that the resultant force of the moon, 
on the whole mass of the solid and liquid constituting the earth, is 
not a single force, exerted in the line MC, but that, after the 
manner of Poinsot, it may be represented by a single force in this 
line, and a couple in a direction opposite to that of the arrows, 
indicating in the diagram the direction of the earth’s rotation. 
Thus the lunar attraction produces, as it were, the action of a 


friction brake resisting the earth’s rotation. The same is no ~ | 


doubt also the case in respect to the sun and the water of the 
ocean, | | 

If HH’ were inclined to the line of the attracting body, on the 
other side from: that shown in the first diagram, the effect of the 
attraction would be to accelerate the earth’s rotation. Now this, 
which is represented in the second diagram (fig. 2), is found by 
observation to be actually the case in respect to the sun and (not 
the waters of the ocean, but) the earth’s atmosphere. The accom- 
panying table and formula show the result of the Fourier 
Harmonic Analysis applied for the diurnal period by Mr. G. H. 
Simmonds to barometric observations collected from all parts of the 
world. In the formula, E denotes the excess of the barometric 
pressure above its mean value for the day, at the time @ reckoned 
in degrees from midnight, at the rate of 15° per mean solar hour : 
R,c,, R,c, denote the ranges and angles, corresponding to 
the times of maximum height, for the first three terms of the - 
‘ Fourier expression which the formula exhibits. The table shows 
the values of R,c,, R,c,, Rc, calculated for the different places, 
from observations at the times stated in column 5. 

It is a very remarkable result of this analysis that the amplitude 
R, of the semidiurnal term is for most places, especially those 
within 40° of the equator, considerably greater than the R, of the 
diurnal term. The cause of the semidiurnal variation of barometric 
pressure cannot be the gravitational tide-generating influence of the 
sun, because, if it were, there would be a much larger lunar influ- 


ence of the same kind, while in reality the lunar barometric tide is _ 


insensible or nearly so. It seems therefore certain that the solar 
diurnal variation of the barometer is due to temperature. Now the 
diurnal term, in the Harmonic Analysis of the variation of 
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temperature, is undoubtedly much larger in all, or nearly all, places — 
than the semidiurnal. It is then very remarkable that the semi- 
diurnal term of the barometric effect of the variation of temperature 


should be less, and so much less as it is, than the diurnal. The 


explanation probably is to be found by considering the oscillations 
of the atmosphere, as a whole, in the light of the very formulas 
which Laplace gave in his Mécanique Céleste for the ocean, and 
which he showed to be also applicable to the atmosphere. When 
thermal influence is substituted for gravitational, in the tide- 
generating force reckoned for, and when the modes of oscillation 
corresponding respectively to the diurnal and semidiurnal terms of 
the thermal influence are investigated, it- will probably be found 
that the period of free oscillation of the former agrees much less 
nearly with 24 hours than does that of the latter with 12 hours ; 


generating force, the resulting tide is greater in the semidiurnal — 
term than in the diurnal. Now, if we look to the values of ¢, 
in the table, we see that, with one exception (Sitka, a place far 
north, where R, is very small), they are all positive acute angles : 
and we find 61°-3 as the mean of all the 30. If we assign weights 
to the different values of c,, according to the corresponding values 
of R,, we should find a somewhat larger number for the true mean 
value of c, It is enough for our present purpose to say that the 
mean is 60° or a little more. Looking now to the formula, we see 
that the meaning of this is that the times of maximum of the semi- 
diurnal variation R, are a little before 10 o’clock in the morning 
and a little before 10 o’clock at night (exactly at 10 o’clock if c, were 
exactly 60°). ‘Without more of observation, or of observation and 
theory, than has yet been brought to bear on the subject, we cannot 
tell the law of variation of R, with the latitude. The observations 
in the table seem to show, what Laplace’s Tidal Theory prepares us 
to.expect, that it diminishes more in the Polar regions than it would 
; followed the elliptic spheroidal law of proportionality to the 
square of the cosine of the latitude. We may, however, take by 


‘inspection from the table R, = cos? lat x ‘032 inch as a rough esti- 


mate of a barometric variation distributed over the whole earth in 
the form of an elliptic spheroid, which would give the same resisting 


couple in the calculation of the solar gravitational influence on the 


and that therefore, with comparatively small magnitudes of the tide- 
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disturbed atmosphere; or (getting quit of the intolerable British 
inch), | 
R, = cos? lat x ‘08 cm. 


Now the height of the barometer corresponds always to the mass 
of the air over a given horizontal area of the locality, independently 
of the temperature of the air; and, in averages for the different 
places, no doubt independently of the wind also.* Thus for every 
centimetre of higher or lower mercury in the barometer, there is 
more or less mass of air over the locality to the extent of 13-596, 
or say 14 grms. over every square centimetre of horizontal surface. 
Thus the second diagram with its angle of 30° (corresponding to 

= 60°) represents the state of things, as regards the quantity of 
air over different parts in the circle of any parallel of latitude, or at 
all events of any circle farther from the pole than 60° north or south 
latitude. It represents the state of things for every parallel of lati- 
tude in the imagined elliptic spheroid, constituting the terms we have ~ 
to deal with in the spherical harmonic expression of the actual effect : 
and definitively, if we suppose half the excess of the greatest above 
the least radius of the elliptic spheroid in the diagram to be equal to 
the square of-the sine of the latitude multiplied into ‘08 cm.,, the 
diagram shows the distribution of a mass of matter of the same 
density as mercury, over the whole surface of the earth, which 
would experience the same resultant couple from the sun as does the 
earth’s atmosphere in reality. To evaluate this couple we may use 
the known formula (Thomson and Tait’s Natural Philosophy, vol. i. 
§ 539) relative to the mutual attraction between a mass M, not con- 


* In strong winds the barometer may stand sensibly above or below the 
proper value for the weight of the atmosphere over the place, according as the 
room containing the barometer is more exposed by openings on the windward 
or on the leeward side of the house in which it is placed. The error due to 
this cause may be sensible in the diurnal averages for one particular barometer, 
because of the daily periodic variations in the direction of the wind ; but it i is 
not probably large for any well-placed barometer, and, such as it i is, it m 
fairly well eliminated in the averages for different barometers in variotSly 
_ arranged buildings and in different parts of the world. In passing, it may be 
remarked, that itis probably not a matter of no importance that the barometer- 
room of a well-appointed meteorological observatory should be as nearly as 
may be symmetrically arranged in respect to openings to the external air in 
different directions, and in respect to shelter against wind from other sina of 
the building. 
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centrated in a point, and a portion of matter m, concentrated in a 
very distant point— 

(B-C) yz 
(2+ +22) 


(1), 


where a, y, 2 denote coordinates of m relatively to rectangular 


lines OX, OY, OZ coincident with the principal axes of inertia of 


M through its centre of inertia; B and C the moments of inertia of 


M round OY and OZ; and L the component round OX, of the 
couple obtained by transposing, after the manner of Poinsot, the 
resultant attraction of m, from its actual line through 2, y, z, toa 
parallel line through 0, the centre of inertia of M. Suppose now 


M to be a homogeneous ellipsoid of revolution, having for semi-axes 
a, b, c, we have © 


B- C=; M 
M (0-8). 


Hence for a prolate spheroid of the dimensions stated above, we 
have 


(3) 


where 7 denotes the earth’s radius in centimetres. To fit the 


formula (1) to the case represented by the diagram in fig. 2, we 
have 


yz=D* sin 30°cos 30° (8), 


where D denotes the sun’s distance from the ai. With this and 
(2), (1) becomes 


L- mMr 0°32°™ 30° cos 30° 


where M denotes the mass of a quantity of mercury equal in bulk 


to the earth, so that if E denotes the earth’s mass M=2°5 E. Now 


i is the attraction of the earth on the sun: hence if we call 


this force F, 


| 
| 
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39 .0°32™. sin 30° cos 30° 


= —f, U° 
0:21 
Now if S Sencha the number of grammes in the gun’s mass, we 


have 


F= rf 980 dynes, 


since the earth's attraction on a gramme of matter at its surface is 
about 980 dynes ; and so we find 


3 
8.980.021 = 58.207 


Now if w denote the acceleration of the earth’s an gular velocity 
produced by this couple, we have 


L 


where I denotes the earth’s moment of inertia; and, allowing for 
the increase of the earth’s density from the surface inwards, accord- 
ing to Laplace’s probable law, we have, approximately, 


1 


- (instead of I= 218 , as it would be if the mass were homogeneous), 


E denoting the earth’s mass, Hence 
Now D3/r3 = 123.10", $/E=31-9.104, r= 6:370.108 centimetres 
which gives = 40°6.10!®, Hence 


931°9.10# 207 
6 = 377-3 406.100 


This is the rate per second of gain of angular velocity. The earth’s 


= 3 


= 


Der 1 
angular velocity at present is 36400’ °F approximately 13700° 
Calling this w, we have 

_ 55,1073 
| 
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for the proportionate gain per second. There are 31°5 million 
seconds in a year, and 3150 in a century. Hence the ratio to the 
earth’s present angular velocity, of the gain per second, amounts to 


To interpret the result, suppose two chronometers, A and B, to be 

kept going for a century, according to the following conditions :— 

Chronometer A to be an absolutely perfect timekeeper, and to 
be regulated to sidereal time at the beginning of the century, in the 
usual manner, by astronomical observation. 

Chronometer B to be kept constantly regulated to sidereal time 
by astronomical observations from day to day, and from year to 
year, during the century. as | | 

At the end of the century B will be found to be gaining on A 
to the amount of 1:73 x 10-9 of a second per second. This rate of 
gain has been uniformly acquired ; and, therefore, on the average of 
the century, B has been going faster than A, at the rate of 
‘86 x 10-° of a second per second. Hence, in the whole century (or 
3°16 x 10° sidereal seconds), B has gained on A to the extent of 
2°7 seconds. | 

In reality a tenfold greater difference, in the opposite direction, 
would be observed between the two chronometers. Adams, from 
his correction of Laplace’s dynamical investigation of the accelera- 
tion of the moon’s mean motion, produced by the sun’s attraction, 
found that our supposed chronometer B, regulated to sidereal time, 
would be 22 seconds behind the perfect chronometer A at the end 
of a century. (See Thomson and Tait’s Natural Philosophy, 1st 
ed., § 830; or 2nd ed., vol. 1. part 1, § 405.) The retardation 
of the earth’s rotation thus definitively specified, which may be 
regarded as a well-established result of observation and theory, 
received from Delaunay what we cannot doubt to be its true 
explanation,—retardation by tidal friction. | The preced ing 
formulas, with the proper change of data, may be readily modified 
to show the tidal retardation instead of the thermodynamic accelera- 
tion. Thus if we go back to fig. 1, and suppose the spheroidal 
layer to be water, instead of the earth’s atmosphere, and take 100 
-ems. as the excess of the greatest above the least semi-diameter, 
we have what we may fairly assume to be a not improbable 
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estimate of the equivalent, over the whole earth’s surface, to the 
true tidal deformation of the water of the oceans. If the obliquity 
- HCS were the same in the two cases, and if the sun were the 
external attracting body ‘in each case, the value of L would be 
(50/:08.13°596 = )45°9 times greater in the second case (fig. 1) 
than in the first case (fig. 2). . Suppose now the moon, instead of 
the sun, to be the influencing body in tho second case (fig. 1), 
other things being the same, the couple will be 91:8 times as great 
in the second case (fig. 1) as in the first case (fig. 2).. (Because 
the moon’s mass, divided by the cube of her distance from the 
earth, in about double the sun’s mass divided by the cube of his 
distance from the earth.) Now, we must make the couple to be © 
only 10 times as great in the second case (fig. 1) as in the first case 
(fig. 2) to bring out Adams’ result, according to Delaunay’s explana- 
tion of it. - Hence we must suppose, in fig. 1, sin HCM cos HCM to 
be 1/10 of sin 30° cos 30°; and we may fulfil this condition by 
taking HCM = 87° 30’. : 

Thus with the approximate results of observation used above in 
respect to the earth’s atmosphere, and the assumptions we have 
now made regarding the lunar tide, we have a state of things in 
which our supposed chronometer B gains on A 2°5 seconds in the 
course of the century through the thermodynamic acceleration, and 
loses 25 seconds through the tidal retardation ; that is, loses in all 
22°5 seconds, or say 22 seconds, which is Adams’ result. 


3. Notes on a Cist discovered at Parkhill, Dyce, Aberdeensh ire, 
in October 1881. By William Ferguson of Kinmundy. 
With Notes on the Bones by Dr. Fife Jamieson, M.B. 


The station of Parkhill, on the Great North of Scotland Railway, 
is seven and a half miles from Aberdeen, and the cist which is 
the subject of these notes was situated in a mound of gravel and 
sand to the north-east of, and within one or two hundred yards of, 
the station. This is the second which has been uncovered at the 
same spot,—a previous one having been disclosed in 1867, the 
contents of which—a vase and some bones—are preserved in the 
Anatomical Museum, Marischal College, University of Aberdeen. 
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The gravel mound belongs to the railway company, and is quarried 
from time to time for ballast. In the course of the night of the 3rd 
October 1881, the men who were digging the gravel came upon the 
cist at the depth of about one and a half to two feet from the 


surface. The upper part of the mound is roughish gravel, and below 


the gravel it is sand. The cist was just below the gravel, but in the 
sand, The sides were formed of four large slabs, one of which fell 
down as the workmen removed the sand from below. The length 
of the cist was 3 feet 9 inches, the breadth 2 feet 3 inches, and the 
depth 18 inches at the ends, and 27 inches in the centre. The 
eontents were an urn and certain bones. The urn is small, 54 inches 
high and 44 inches diameter at the — It is of graceful — 
and elaborately carved. 
The other contents of the cist were bones. Surrounding many of 
the bones was a coating apparently vegetable in structure. It was 
said that the bones were wrapped in a piece of bull’s hide, with the 


hair still upon it; but examination seems to settle that this is only. 


another instance of an error that has been common, of mistaking the 
matted mycelium of a cryptogamous plant for hair. In the previously 
discovered cist there was true hair found. 

“ The base of the cist was covered with small pebbles—not so 
uniformly as to form a continuous floor, but quite close enough to 
show that it was not the result of chance, while scattered about 
were fragments of wood charcoal.” Only a very small portion of 
the charcoal was preserved, and doubt having been expressed as to 
whether it was really charcoal, I requested Dr. Jamieson to examine 
it carefully and also to send me a portion of it, both of which 
requests he has kindly complied with. Dr. Jamieson says :—“ It 
is undoubtedly vegetable charcoal. I have examined it microscopi- 
cally. Chemically there is no very decisive test. I send you also 
a sample as you desired, and am sorry that it is so small, but in my 
ignorance of the importance of such a phenomenon as the presence 
of charcoal in a cist, I carried off only two or three little fragments. 
There were no pieces, as far as I can recollect, of any size, most 
being about the size of the specimen sent to you (4-inch by }-inch). 

‘In examining microscopically a piece of the charcoal, I thought 
I had stumbled on a ‘a find.’ With a high power, seemingly 
embedded in a little fragment of charcoal, were two or three isolated 
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structures marvellously like striped muscular fibre. I began to 
weave a nice theory about some of the flesh (human or boar’s), 
having somehow got impacted in the charcoal, which by its preser- 
vative or antiseptic power, had retained the muscular fibre all these 
ages. The preparation was in clove oil, as it was only a temporary 
examination, and before I could show it to the professor of botany, 
as to whether it was vegetable or not, the clove oil had so cleared it 
up as to obliterate all the previous structural-like appearance. In 

all probability it was some vegetable cell with which I am unac- 
quainted ; the other theory is too fine to be true.” 

Mr. Joseph Anderson of the Society of Antiquaries of Scotland 
informs me that this interment is one of the less common class, and 
that it has these two very rare features connected with it :—first, 
the occurrence of charcoal ; and second, that of the bones of an 
animal other than the human bones. 

Mr. Anderson divides the sepulchral urns of Scotland into four 
groups. Groups 1 and 2 are found with burned bodies, and (1) 
large cinerary urns, and (2) small cup-shaped urns. Groups 3 and 
4 are usually, though not exclusively, formed with unburned bodies. 
They are called (3) food vessels, and (4) drinking cups. The 
Parkhill Urn seems to belong to group 4—the drinking cup. 

At the request of Professor Struthers, Dr. Fife Jamieson has 
been good enough to give me the following notes upon the bones 
| found in the cist along with the urn. They are those of a man 


along with fragments of the left fore limb bones of a boar. 

The bones are deficient in number and in mass, chiefly from 
decomposition by natural agencies; but partly from the rough 
handling to which they were subjected by sight-seers, prior to their 
removal to the Anatomical Museum. 

Sate The cranium is very deficient, though enough remains to show 
that it was large and well shaped, with frontal sinuses prominent, 
but insignificant occipital protuberances. The basi-occipital and 
basi-sphenoid segments were firmly anchylosed together; they are 
so normally after the age of twenty-two. | 

The facial bones are still more deficient ; enough of the jaws is 
left, however, to show that the teeth had to all probability drop ped 
out only after death. Four teeth, two still in their sockets, all 
fairly worn, were obtained. 
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None of the cervical vertebrae were to be seen; fragments of 
eleven dorsal and five lumber were easily recognised, as well as the 
upper half of a strong well-formed sacrum. 

The sternum was entire with the exception of the lower half of the 
pre-sternum and the whole meta-sternum. The first segment of 
the meso-sternum, which normally anchyloses to the rest of the 
meso-sternum below at from twenty-five to thirty years, and to the 
pre-sternum above at about forty years, was here separate, and had 
at no time been anchylosed on either end. 

Fragments of but a few ribs, and these unimportant, were 
obtained. | 

The innominate bones were incomplete, specially at the pubic 
arch, so that no accurate estimate could be formed, either of the 
capacity or of the form of the pelvic cavity. There was no trace 

of epiphysial suture. 
Of the two femurs one was almost entire, and measured in length 
18? inches. Both were well marked, though not indicative of very 
special muscular strength. | 

All the remaining bones of the lower limb were more or less 
incomplete, with exception of the left os calcis, scaphoid, and first 
metatarsal, all of which were unusually large and strongly marked. 
The scaphoid shows a large and well-formed facet, just external to 
that for the external cuneiform, and apparently for articulation with 
the cuboid. 

No phalanges of the foot were got. Sufficient fragments of both 
_ clavicles and scapulz were got to show that they were by no means 
powerfully marked. One humerus, almost complete, measured 
about 134 inches. All the bones of the upper limb were more or 
less incomplete with the exception of three phalanges of the first 
TOW. | | 

It is probable that the subject was a male, evidenced specially by 
the prominence of the frontal sinuses, and the general size and 
strength of the different bones. His age at death seems to have 
been from twenty-five to thirty, judging specially from the condi- 
tion of the sternum. His height must have been about four feet 
nine inches. Of fairly muscular build, and specially developed in 
the lower limbs. | 

Fragments of the left fore limb bones of a boar—the humerus, 
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radius, and metacarpal of the third finger were got. Their original 
position in the cist with reference to the human remains could not 
be ascertained, as they had been repeatedly changed by visitors. 
The humerus showed the upper epiphysis unanchylosed, so that 
the animal, large as it must have been, was not fully developed. 


4. On a Class of Permanent Symmetric Functions. 
By Thomas Muir, M.A. | 


1. By Cauchy the word ‘“‘ symmetric,” as applied to functions, 
was used in a more general sense than that in which we ordinarily 
use it now, or than that in which it was used before his time. He | 
spoke* of “fonctions symétriques permanentes” and “ fonctions 
symétriques alternées:” we apply the word symmetric only to 
certain of the first of these ; the second we call simply “ alternating 


functions.” Thus the expression 


was called by him a permanent symmetric function, since if a,, do, a, 
are interchanged in order with 6,, 0, 6,, the function remains un- 
alfered. It would be more definite to say that it is a permanent 


symmetric function with respect to a,, dg and b,, b,, Again, 


(a; - b,)(ag — by)(ag bg) 


he called an alternating symmetric function, since if the same change 
is made the function remains unaltered in magnitude but not in 
sign. As before, for the sake of definiteness, it is better to speak of 
it as an alternating function with respect to a,, dz, a, and b,,b,, b,. 


2. Under the latter class of functions it is evident that determi- 
nants may be placed. Thus the determinant 


b, 5, bg 
Cy Cy 


is an alternating symmetric function with respect to its three rows 


* Journ. de U Ecole polyt., Cah. xvii. p. 30. 


i 

| 
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of elements. It was in this light that determinants were viewed 
and treated of by Cauchy. 

On the other hand, if all the negative signs of a determinant be 
made positive we obtain a permanent. symmetric function with re- 
spect to the same groups of the same quantities. It is functions of 
this kind, resembling determinants, which we wish to consider in 
the present paper. Two notations have before this been used for 
them: the above instance may be specified, after Cauchy, by 


| 
or, after Cayley, by 

% 


As however the contraction, {asbece} for the latter form is not 
sufficiently distinctive, it would be better perhaps to use instead the 
notation 


+ 
a ag 
b, bg 
Cg 


which is very conveniently contracted into 


| |. 
For shortness, in speaking of the functions, we may agree tem- 
porarily to call them PERMANENTS. 
3. The Permanent | a,b,c, | is evidently equal to 
+ + + Doty + (Cyt, + Coty + 


if 2,2.2,=1 and 2,, 2,, 2, be symbols subject to the laws of ordinary 
algebra, except that =2=73=0. 


It is almost the same to say that i byes | i is the coefficient of xyz — 


in the expansion of the product 


+ + + boy + + Coy + C52). 


4 
Cy Cy Cg ‘ 


: 
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Either of these propositions may be viewed as a consequence of 


the definition above implied, or as an alternative form of the 
definition. 


4, Of course at the outset it is evident that from the theory of 
determinants there is suggested the possibility of analogous theorems 
regarding Permanents. As evidently, however, the number of such 
analogous theorems must be small: for no analogue can exist when 
the theorem in determinants depends upon the property of change 
of sign consequent upon the interchange of two rows. As an ex- 
ample of such analogues, we have evidently 


=| a,b, | | cgd, | +] a,b, | | cod, |+... +] | | |, 
and so on throughout the whole range of Laplace’s expansion- 


theorem. 
The following, however, are properties of a different kind. 


5. The product of two Permanents of the u™ order is expressible 
as the sum of n! Permanents of the same order. Thus— 


+ - + + + + 4 


+ + + + 


+ b+ + 


+ | bx, Diy, 


+ 


_ Any element of the first Permanent on the right is obtained by 


multiplying together the corresponding elements in the two Perma- 
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nents on the left ; the second Permanent on the right is obtained in 
| + + + + + + 

the same way from |a,b,c,|, |#,2,y,|; the third from | a, 5,0, |, 


Ty, Lo Ze rf and so on throughout the remaining possible permuta- 
tions of the rows of the second Permanent on the left. 

This theorem may be established as follows :—Taking the prin- 
cipal term of the first Permanent on the right along with the cor- 
responding terms of the other five Permanents, we see that the sum 
must be | 


+ + + 
that is, the product of | x,y,z, | and the principal term of | a,0,¢, |. 
In like manner, taking any other term of the first Permanent on the 
_ right along with the corresponding terms of the other five Perma- 

nents, we must obtain the product of | #,y,2, | and the term of 
+ 
| a,5,c, | corresponding to the said six terms. Hence, when this 
process is completed, we must have in all 
+ + 
| |» | |. 


6.. The product of two Determinants of the n™ order is expressible 
as an aggregate of n! Permanents of the same order. Thus— 


| 


+ 4 + 


+ + 


+ + + + 


_ The mode of formation of the Permanents here is exactly the same 
as in § 5; the sign preceding any one of them is + or — according 


“ 
- 
ve 
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as there has been in its formation an even or an odd number of 


+ + 
interchanges in the rows of | 2,y,2,|. The proof is on the same 
_ lines as that of the former theorem. | 


1. The product of a Permanent and a Determinant both of the 
n order is expressible as an aggregate of n! Determinants of the 
same order. Thus— 


+ | 


+} Byer, Deity |—| | 


Here the Determinants on the right are formed exactly like the 
Permanents in §§ 5, 6, and the signs preceding them are determined 
exactly as in § 6. 


8. The last of these three theorems is, so far as one can at present 
see, the most important. It leads, for example, to the following 
valuable application. | 

When the elements in the first row of the Permanent are all 
powers of one variable, the elements in the second row the like 
powers of another variable, and so on, the Permanent takes the form 
of a single symmetric function of the said variables, the degree of — 
the function being given by the sum of the indices of the powers in 
question, Thus— 


+ + 

a”™ a” a? 
B" 
| 
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is the single symmetric function which we are in the habit of de- 
noting by 

In the like case the Determinant on the left and all the Deter- 
minants on the right take the well-known form of simple alternants. 

We thus obtain a new and widely general theorem in regard to 
the latter functions, viz. :—The product of a simple alternant and a 
single symmetric function of its variables is expressible by a sum of 
simple alternants, whose indices are got by arranging the variables in 
every term of the symmetric function in the same order, and adding 
the indices of each term to the indices of the original alternant, the 
first to the first, the second to the second, and so on. 


As an exceedingly simple instance of this we may show how to 
find by means of it the cofactor of 


la 1 a2 ad 

Since both divisor and dividend are alternating functions, the 
quotient must be a symmetric function. And looking to the prin- 
cipal terms of divisor and dividend it is evident that By*, and 


therefore By, is a part of the quotient. But the product of the 
divisor and this part of the quotient is by the foregoing 


1 a} at a a at | 


Subtracting this from the dividend and ene the remainder in a 
shorter notation, we have 


| | +| |. 
In this the divisor is, as before, seen to be contained 6?’ times, and 


+ + | 
therefore or | B? y?| times. Multiplying the divisor by 
this new portion of the quotient we obtain 


| | —| al 


so that our new remainder is 


2 | |. 
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In this the divisor is evidently contained exactly 23afy* times. 
Hence the complete quotient is 


_ 9. When the factors on the left in the theorems of §§ 5, 6, 7 are 
identical as to their elements, the expansions on the right become 
of course simpler in form, the simplification being more marked in 
the last of the three theorems on account of the vanishing of a de- 
terminant when two rows are identical. Thus we have 


te & & & 
d, d, ds d, | }d, dy dg 


di dz dy qi dz ds | Aly Aye, 


| 
d,b, d,b, A,C, Asc, | 


A further simplification is possible in the important case where the 
element in the r” row and s“ column is (#,-y,)"*. Then we have 


. 
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the four other determinants on the right being equal to zero, For 
example, the first of the four 


from which, if we remove the factor 


there remains the cofactor | 


Diminishing each element of the first row in this by the corre- 
sponding element of the second row, and each element of the 
second by the corresponding element of the third, we can remove 
the factors 2-23, %,—%,, and have resulting a determinant with 
its first two rows identical. | 

(8) is the well-known theorem of Borchardt* regarding double 
alternants. 

10. The case of (a) for the 3rd order, which was first given by 
Cayley,t is worthy of a little special attention, on account of a 


Opelle's Journal, liii. p. 194. + Ibid., p, 184. 
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simple deduction which can be made from it. The number of de- 
terminants on the right is then only two. Taking the reciprocals 
of a, 6, c,... for the elements of the factors on the left we have © 
+ 


def| @ f2 da eb fe 
oR RL gd he kf 


The last determinant here, however, 

d J 

=(abedefghk)! | g h 

So that zf any determinant of the third order with non-zero elements 
vanishes identically, the product of the Permanent and Determinant 
whose elements are the reciprocals of the elements of the said determi- 
nant as equal to the determinant whose elements are the squares of 
these reciprocals. For example, we have identically 

a a+d a+2d 
a+3d a+4d a+5d |=0; 


—at+bd at+7d a+8d 
hence 


(a+ 3d)? (a+4d)"* (a+5d)-|- |(a+3d)"! (a+4d)-! (a+5d)" 
(a+6d)-? (a+7d)? (a+8d)"| |(a+6d)" (a+7d)" (a+ 8d)" 
a* (a+d)? (a+2d)”? 
=| (a+ 3d)-? (a+4d)-? (a+5d)- 

(a+ 6d)-? (a+ 7d)? (a+8d)-? |. 


11. As the interchange of rows and columns has no effect either 
in Permanents or Determinants, it is evident that we may have 
more than one form for the developments in §§ 5, 6, 7. From the 


* 
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equating of such equivalent forms interesting identities arise, and 
this is especially true of the case we have considered where the 
Determinants take the form of alternants. 


12. It has only to be added, in conclusion, that there seems to 
be no easy way of simplifying a Permanent so as to find its value 
for particular values of the elements. The second alternative defi- 
nition given in § 3 is, however, sometimes useful for this purpose, 
viz., when it is possible to find the coefficient of xyz in the product 
by other means. A most curious instance is that of the Permanent 


2.20 2n. 
or | | 
| + 
1.1.27 2.2.29 2.0. 
2 008-5 2 2 cos 


which in this way we know must be equal to - 1 for odd values of x, 


5. Optical Notes. By Professor Tait. 
1. On a Singular Phenomena produced by some old Window-Panes. 


The second figure in Professor Everett's note (ante, p. 360) has 
reminded me of my explanation of a phenomenon which I have 
repeatedly seen for more than twenty years in the College. When 
sunlight enters my apparatus-room through a vertical chink between 
the edge of the blind and the window-frame, the line of light 
formed on the wall or floor shows a well-marked dink. Similar 
phenomena, though not usually so well marked, are often seen in 
old houses, when the sun shines through the chinks of a Venetian 
blind. They are obviously due to inequalities (bull’s-eyes) in the 
glass which was used more than a generation ago for window-panes. 
Professor Everett's figure, which was drawn for a cylindrical lens, 
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represents the general form of a central section of such a bull’s-eye. 
It is evident that the focal length of successive annuli of such a piece 
of glass, treated as a lens, increases from the central portion to the 
circumference, where it becomes infinite. For an approximate study 
of its behaviour we may assume that the focal length of an annulus 
of radius 7 is b?/(a-—1), where « is the extreme radius, at which the 
sides of the pane become parallel. Suppose sunlight, passing 
through a narrow slit, to fall on such a lens at a distance e from its 
centre, and to be received on a screen at a distance c from the lens. 
It is easy to see that the polar equation of the illuminated curve on — 
the screen is (the pole being in the axis of the lens) 


p= a b? ~ ce sec 


This curve can be readily traced by points for various values of the 
constants. In fact, if r be the radius vector of a straight line, the 
vector of any one of these curves (drawn in the same direction) is 
proportional to r (A-—7r), and the curve can therefore be con- 
structed from a straight line and a circle. Here the value of A is 
(ac — 6”) /c; 2.¢., it is a fourth proportional to c, a, and the distance 
of the screen from the focus of the central portion of the lens. 
When A is small compared with the least value of 7, the curve has 
a point resembling a cusp, but as A increases the kink appears. 
This is easily observed by gradually increasing the distance of the 
screen from the lens; and the traced curves present forms which 
are precisely of the general character of those observed. 


2. On the Nature of the Vibrations in Common Light. 


One of the few really unsatisfactory passages in Airy’s well- . 
known “Tract” on the Undulatory Theory of Optics is that which 
discusses the nature of common light, To explain the production 
of Newton’s rings in homogeneous light to the number of several 
thousands, it is necessary that at least several thousand successive 
waves should be almost exactly similar to one another. On the 
other hand, we cannot suppose the vibrations (which will in general 
be elliptic) to be similar to one another for more than a small 
fraction of a second ; if they were so, we should see colour pheno- 
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mena in doubly refracting plates by the aid of an —s: Nicol 
only. 

And, moreover, the nature of the es can have no periodic 
changes of a kind whose period amounts to a moderate fraction of a 
second. Nor can it have a slow progressive change. [Either of 
these would lead to its resolution into rays of different wave-lengths. 
Airy suggests, as consistent with observation, some thousand waves 
polarized in one plane followed by a similar number polarized in a 
plane at right angles to the first. But no physical reason can be 
assigned for such an hypothesis. 

The difficulty, however, disappears if we consider the question 
_ from the modern statistical point of view, as it is applied for instance 
in the kinetic theory of gases. We may consider first a space 
average taken for the result due to each separate vibrating particle 

near the surface of a luminous body. When we remember that, for 
homogeneous light, of mean wave-length, a million vibrations occupy 
only about one five hundred millionth of a second ; it is easy to see 
that the resultant vibration at any point may not sensibly vary for a 
million or so of successive waves, though the contributions from in- 
dividual particles may very greatly change. But when we consider 
the t2me average of about a hundred millions of groups of a million 
waves each, all entering the eye so as to be simultaneously percep- 
tible,—in consequence of the'duration of visual impressions,—we see 
that the chances in favour of a deviation from apparently absolute 
uniformity are so large that, though possible, such uniformity is not 
to be expected for more than a very small fraction of a second. 
The improbability of its occurrence for a single second is of the — 
same nature as that of the possible, but never realised, momentary 
occurrence of a cubic inch of the air in a room filled with oxygen or 
with nitrogen alone. 

[Added ; May 1, 1882.—I am indebted to Professor Stokes for a 
reference to his paper “On the Composition and Resolution of 
Streams of Polarized Light from Different Sources” (Camb. Phil. 
Trans., 1852), in which the nature of common light is very fully _ 
investigated. I find I was not singular in my ignorance of the 
contents of this paper, as the subject has quite recently been pro- 
posed as a Prize Question by a foreign society. | 
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PRIVATE BUSINESS. 
The Society adopted the amendment of Law XIV. proposed by 


- Professor Crum Brown, and decided that in that law the words De- 


cember to. July shall be substituted for the words November to June. 
_ Mr. Sang moved the addition to Law XIV. of the following 
words :—‘“‘ Excepting when there are five Mondays in January, in 
which case the meetings shall be held on the third and fourth 


' Mondays of that month.” 


Mr. D. B. Dott and Dr. James Clerk Rattray were balloted for, 
and declared duly elected Fellows of the Society. 


Monday, 30th January 1882. 


Emeritus Proressor BALFOUR, Vice-President, 
: in the Chair. 
The Chairman referred in feeling terms to the great loss sustained 
by the Society in the death of Sir Robert Christison, late President 
of the Society. 


~The Right Hon. the Earl of Rosebery was admitted a Fellow of 
the Society. 


1. The Historic Evidence for the Destruction of Pompeii and 
Herculaneum. By the Rev. Dr. Cazenove. 
(An Address given at the request of the Council.) 

It will conduce to clearness if, before making any remarks, I take 
the liberty of reproducing the title of this address in a slightly enlarged 
form. In order to convey a precise idea of my object, it will be 
desirable to frame it thus :— | | 

“On the Evidence (prior to the Excavations commenced in .D. 1755) 
for the Destruction of Pompeii and Herculaneum by the Eruption 
of Vesuvius in a.p. 79.” 

It will be seen from this way of putting the case, that I propose 
to confine my attention to documentary evidence. The reference to 
Vesuvius is also important, because it might conceivably ve 
maintained, and indeed it has been maintained within the present 
century, that these cities were destroyed by other agencies, and not 
by the outburst of the neighbouring volcano. 
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The inquiry, which I propose to enter upon this evening, appears 

to me to be interesting in itself, and also to possess some importance 
in its relation to at least one problem connected with the general 
study of historic evidence. I am very sensible of the honour — 
conferred by the Council of the Royal Society in inviting me to lay 
the case before you, and also of its courtesy in according me such 
ample time for its statement. Allow me to express the hope that 
this generous confidence may not prove to have been misplaced. 
A large part of my paper must be occupied with questions on 
which there is fair room for considerable difference of opinion. On 
these points, while offering my own view, I am very far from wishing 
to dogmatise. On the contrary, I not only expect, but I desire to 
be listened to in a free and critical spirit ; and I trust that I shall 
not be found to encounter opposing theories in the spirit of that 
disputant who is reported to have said, “I am perfectly open to 
conviction, but show me the man who can convince me.” 

Before diverging into paths confessedly obscure, it is necessary to 

vake our stand for a moment upon ground which is recognised as 
firm and clear, Accordingly, I start from the enunciation of a 
statement, for which I may fairly claim a general and undisputed 
acceptance. It is this :— 

“The: cities of Pompeii and of Herculaneum were overwhelmed 
by masses of volcanic matter poured forth from Mount Vesuvius 
in an eruption, which took place in a.p. 79.” : 

The evidence on which this assertion now rests does not require 
any detailed examination. I am probably by no means the only 
person here present who has enjoyed the good fortune of visiting — 
the remarkable ruins of these cities. In our days of cheap and 
rapid locomotion, it is in the power of numbers to travel to the sunny 
land and to gaze upon these disinterred remains. A comparison of 
the information thus obtained with that derived from the records 
of antiquity amounts to a virtual demonstration. Those who prefer 
the less troublesome, but less direct proof gained by study, may find 
ample accounts of the matter in any good Encyclopedia, or in hand- 
books for travellers to Southern Italy. A more lavish expenditure 
will enable them to purchase volumes richly illustrated with pictures 
of the works of art discovered in the buried cities. The arguments 
of Signor Lippi in 1816, to the effect that water without any igneous 
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eruption was the agent of destruction, have been fully answered by 
men of science; and the real nature of the catastrophe has been 
impressed. upon the public imagination through the popular work of 
fiction by the late Lord Lytton, entitled The Last Days of Pompeit. 

But I am concerned to-night with the written evidence alone. 
That evidence, happily for my audience, is not overwhelming in bulk. 
Nor is it conflicting in its character. Further, it has not been thus 
far entangled with prepossessions arising out of any such controversy, 
religious, political, or even literary or scientific, as sometimes evokes 
the passions and obscures the judgment. 

Is there, then, it may be asked, any difficulty in fairly weighing 
this evidence? I answer, “Yes; there is a difficulty,—a difficulty 
very real and very considerable ; and one that assuredly is in nowise 
diminished by the circumstance that it is for the most part 
unacknowledged and unfelt.” Herein it lies, that students of the 
records still extant approach them with an unconscious bias. While 
the eye wanders over the page, the mind’s eye is busily employed 
elsewhere. It recalls the unearthed tombs and pillars of Pompeii, 
or the torch-lit recesses of Herculaneum, as known to it through 
actual vision or else by picture and photograph. The dry light, on 
which Bacon lays such stress, is tinted by coloured glasses; and 


numbers, I am convinced, read information into these documents, 
and afterwards persuade themselves and others that they obtained it 


out of the documents. They arrive, indeed, at conclusions which in 
the main are just; but they are mistaken as regards the ground 
of their inferences. I may, of course, be told that such a condition 
of affairs is often inevitable ; that multitudes of men will be found, 
on a vast variety of subjects, to be right in their conclusions, but 
wrong in their apprehension of the means by which they reached 
them. Be it so; but, however capable of palliation may be such a 
mental condition in the case of the many, it certainly is not one 
which deserves to be cherished among educated men. 

Is there any peril lying in a contrary direction to that which has 
just been indicated? Certainly there is. It is conceivable that a 
student of the evidence in question may have been so much struck 
by the carelessness and unconscious prejudice of ordinary critics as 
to rush into an opposite extreme, and to minimise the importance 
and definiteness of information which it really does afford. This 
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danger may be enhanced, if he has been deeply impressed by the 
force of observations of such a tendency which have proceeded 
from the pen of any single vigorous and competent author. 

Let me at once confess that this last named extreme is the one 
into which I feel that I am most liable to fall. It is possible that 
I may have allowed myself to be unduly influenced by the following 
comment of Sir Charles Lyell, in his well-known work entitled 
Principles of Geology (vol. ii. bk. ii. part 2, chap. ii.) :—‘‘ We have 
no hesitation in saying, that had the buried cities never been 
discovered, the accounts transmitted to us of their tragical end 
would have been discredited by the majority, so vague and general 
are the narratives, or so long subsequent to the event” (2nd edit.). 

I have read these words in the form in which they have long 
been known to me. But it is right to reproduce them in the slightly 
modified shape in which they are given by their author in the 
latest edition of his work :— “It is worthy, however, of remark, 
that had the buried cities never been discovered, the accounts 
transmitted to us by their tragical end might well have been 
discredited by the majority, so vague and general are the narratives, 
or so long subsequent to the event ” (ed. 12th, 1875). 

How far would such unbelief have been reasonable? This 1s the 
question which I desire to submit to the present assembly. We hear 
judges imploring juries (with what success I know not) to banish 
from their minds all extraneous considerations, and listen to the 
evidence alone. With a similar request, I proceed to summon the 
witnesses in the case before us. | , | 

They belong to a band of men of considerable eminence in 
literature ; some of them coming near the highest rank, some perhaps 
actually attaining it. I mention them in the order in which I 
propose to call them. They are as follows:—the poet Martial ; the 
biographer and philosopher, Plutarch; the poet Statius ; the histo- 
rians Tacitus, Josephus, Suetonius ; and the letter-writer, the younger 
Pliny. These are all in the strictest sense of the words contemporary 
witnesses, having been in a.D. 79, some 1800 years ago, all young 
men, or in the prime of life. Seneca, who might have proved useful 
to us, had been put to death by Nero sixteen years earlier, in A.D. 63; 
and the elder Pliny, the naturalist, who would probably have 
saved us from all trouble in the matter, perished, as I shall have 
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occasion to remind my audience at a later point, in the actual con- 
flagration that ensued. Other distinguished contemporaries, who 
have preserved a total silence on the subject, such as Juvenal and 


Epictetus, I of course pass over. One non-contemporary historian 


must be reserved for a later stage in the investigation. 
1. To begin then with Martial. Born in a.p. 43, he must have 


- been in his thirty-sixth year at the time when the eruption took 


place. He has left behind him epigrams to the number of 1523; of 
which the majority might have been spared with advantage to his 


reputation, both moral and poetical. To the subject before us he 


has dedicated one composition only. It is to be found in book iv. 


No. 44 (or, as some editions seem to make it, 43). It consists of — 


six lines, and bears the title On Mount Vesuwoius, The word Vesuvius, 
let me observe in passing, though employed by Latin prose writers, 
as, ¢g., the younger Pliny, cannot be brought into Latin verse, 
because all its syllables are shurt. Accordingly we find the forms 
Vesevus (Virgil), Vesbius or Vesvius, with the adjective Vesuvinus* 
(Statius), and in Greek, 75 BéoBuov spos. It is almost needless ‘to 
observe, that Romans, especially in the lower classes, seem to have 


identified the sounds represented by the letters 6 and v, as do the 


Spaniards of the present day. t 

The gist of the epigram is, that. Campania had been a smiling 
region, dearer-to some deities than seats which they were supposed 
specially to affect ; but that these same divinities have reduced it all 
to ashes. 

I have found a fairly correct versified translation in a book of the 
last century.{ It runs thus:— 


Here verdant vines oppress’d Vesuvio’s sides ; 

The generous grape here pour’d her purple tides. 

This Bacchus lov’d beyond his native scene [7.c, N ysa]; ; 
Here dancing satyrs joy’d to trip the green. 

Far more than Sparta this in Venus’ grace ; 

And great Alcides once renown’d the place ; 

Now flaming embers spread dire waste around, 

And gods regret that gods can thus confound. 


* Jamque et rae pio Vesuvina incendis cantu Mens erat. —Statius, Silvey, 
lib. v. carm. iii. 205, 6. 

+ The illiterate often wrote Bia Noba for Via Nova. We usually speak of 
Sebastopol ; our regiments have, I believe, Sevastopol. 

t In a note to Melmoth’s translation of Pliny’s Letters. 
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Only the two last lines are of much importance. They stand in 
the original as follows :— | 


Cuncta jacent flammis et tristi mersa favilla, 
Nec superi vellent hoc licuisse sibi. 


Now I trust that I shall have the court entirely with me, when I 
maintain that in these lines the evidence for the overthrow of 
Pompeii and Herculaneum is simply mz. Ruin of a rural district is 
there ; of loss of human life, of buried cities, there is not so much 
asa hint. Indeed, so far as it goes, it might be plausibly argued, if 
Martial were our only witness, that such a destruction could not have 
taken place ; for that, if it had occurred, he would have surely made 
at least some passing allusion to an event so startling and remarkable. 

2. Lyell refers to the narratives of the event. The next two 
pieces of evidence, in my opinion by far the strongest among the 
contemporary ones, are not narratives. These are those of Plutarch 
and of Statius. And first as regards Plutarch. | 

His name has been immortalised by his famous parallel biographies 
of Greeks and Romans,—a book which has charmed many eminent 
men in various generations ; to which Milton, and still more Shak- 
speare, were largely indebted, and which has been perhaps a more 
important factor in the formation of modern thought and character 
than has always been recognised. But Plutarch was also a moralist 
and a philosopher ; a light in which he has been justly represented 
in a pleasant little volume by Dr. Trench, the Archbishop of Dublin. 

Among his treatises is one generally known by its Latin title, De 
sera numinis vindictd. It is highly theological, and might almost be 
called an essay, from a heathen’s standpoint, on at least one half of 
the second commandment. Two theologians of this century, in most 
opposite camps, the ultramontane Count Joseph De Maistre, and a 
Lutheran convert from Judaism, the historian Neander, used to derive 
consolation from its pages during the years when the power of the 
first Napoleon was at its zenith. De Maistre translated it into : 
French.* Another treatise of Plutarch’s pen discusses the question, 
why the Pythian priestess no longer, as formerly, delivers the oracles 
in verse (rept Tov xpav evperpa viv tHv 


* For the references to De Maistre and Neander, I am indebted to the 
above-mentioned work of Archbishop Trench. 
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Reiske assigns this latter treatise, on reasonable grounds of pro- 
bability, to a.p. 80-90, when the author was between 30 and 40. 

Plutarch has written strongly against superstition. I suspect that 
the Epicureans of his day must have considered many of his treatises, 
and these two among them, to be ‘replete with superstition. It will 
be time for us to find fault with his inconsistency, when we have 
quite agreed among ourselves where we draw the line of demarcation 
between true religion and superstition. 

In both of these essays Plutarch makes reference to the subject now 
before us. As a Greek, though a travelled Greek, he calls the 
districts by the names most familiar to him, viz. the parts about 


Cumé and Dicearchia. This need not surprise us. We say of such 


an one that he is a native of Germany, and the French tell us that he 
comes from Allemagne,—neither pausing to reflect that the gentleman 
would himself call his native country Deutschland. 

Plutarch’s reference in the more elaborate and better known 
treatise, the one on Divine Chastisements, is of the briefest. He 
relates that a man heard the voice of a Sibyl in the moon singing 
certain prophecies, among which was that concerning Mount Vesuvius 
and Dicarchia. But in the other treatise, which is in the form of 
a dialogue, he makes one of the speakers claim it as a proof of the 
real prophetic power of the Sibyl, that she had distinctly foretold 


_ the coming catastrophe. His words translated run thus :—‘“‘ These 


recent and strange calamities of the region around Cumé and 
Dicearchia, hymned long ago and sung in the Sibylline verses, 
time, as if paying a debt, has issued forth; outbursts of mountain 
fire, seethings of ocean, heavings up of rocks and of burning masses 
by the violence of the wind, and withal a destruction of so many and 
sO breat cities, that men, who subsequently came to the spot, were 
reduced to a state of uncertainty and ignorance respecting their own 
dwelling-place, as the region was in a state of entire confusion. The 
occurrence of such events is difficult to credit; prediction of them 
could not possibly have been made without divine assistance.” — 

3. Thus far Plutarch. His testimony, important and weighty as 
it is, may, I fancy, be considered less cogent than that of the next 
witness I have to summon, namely, the poet Statius. Of the life of 


this writer we are exceedingly ignorant. He was a native of Neapolis, 


probably somewhat senior to the younger Pliny, who tells us that he 
VOL. XI. 
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was in his eighteenth year at the time of the eruption. The part of 
the works of Statius which concerns us is known not to have been 
composed earlier than a.D. 59, sixteen years after the event. Passing 
over two casual allusion s, one of which does intimate loss of life 
among high-born families, [ turn to the fourth epistle of the fourth 
book of a collection of poems, entitled Zhe Woods (Sylue); a set 
of compositions which, though thrown off in haste and regarded by 
their author as trifles, have been pronounced by an excellent judge, 
the late Professor Ramsay of the University of Glasgow, to be far 
more pleasing than his completed epic the 7hebais, and his incomplete 
one, the Achillers, The lines (78-86) present scarcely any difficulty, 
and [ offer the following prose rendering. They are addressed to a 
friend of the poet named Victorius Marcellus; and the region is called 
Chalcidian, because it was believed to have been colonised by emi- 
grants from Chalcis, in Euboea. Two other spots mentioned in these 
verses, namely, Teate (now Chieti) and the Marrucinian mountains, 
were on the eastern side of Italy, at least 70 miles from the volcano. 

“Such are the strains which I pour forth to thee, Marcellus, from 
these Chalcidian shores, where Vesuvius has enacted his shattering 
deeds of wrath, kindling a conflagration that rivals the flames of 
Etna. A marvellous demand on faith [for so I venture to paraphrase 
the words mzra fides !]. Will future generations of men believe, when 
crops are again flourishing and these deserted spots are green, that 
cities and populations lie buried beneath (infra urbes populosque 
premt), and that ancestral fields have vanished in mid-ocean ? not 
even yet does the mountain’s crest refrain from deadly threats: far 


from thy Teate be such a fate, and may this fury never reach the 
Marrucinian mountains.” 


_ Hae ego Chalcidicis, ad te, Marcelle, sonabam 
Littoribus, fractas ubi Vesbius egerit iras, 
Trinacriis volvens incendia flammis. 
Mira fides ! credetne virum ventura propago, 
Cim segetes iterum, cum jam hec deserta virebunt, 
Infra urbes populosque premi, proavitaque toto 
Rura abiisse mari? necdum. letale minari 
Cessat apex : procul ista tuo sint fata Teate, 
Nec Marrucinos agat hec insania montes, 
Sylvez, lib. iv. carm. iv. 78-86.* 


_ ™ Dean Merivale calls attention to the other allusions made by Statius to a 
subject ‘‘ peculiarly interesting to him as a native of Neapolis.” They also 
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These are certainly remarkable verses. The poet tells us, some 
eight lines before this passage, that he is tending towards old age 
(vergumur im senium). Our idea of what old age means has been 
greatly altered, I believe, during the three last centuries. But 


Statius seems to have enjoyed the fulfilment of the wish of a great 
English poet, who desired to live 


Till old experience do attain 
To something like prophetic strain. 

The unbelief foretold by Statius did actually arise. To say 
nothing for the moment of Lyell, even so late as 1816, an Italian 
geologist, Signor Lippi (as [ have already observed), entirely denied 
that the two cities had been destroyed by the action of Vesuvius. 
In this connection it must be remarked, that the allusion to Sicilian 
flames is not without some measure of significance. For the serious 
character of the eruptions of Etna was well known. Unlike Vesuvius, 
which had been quiet for many centuries, and which (singularly 
enough) was not included by Pliny in his list of active volcanos, Etna 
had an alarming reputation. Thucydides, in the last chapter of the 
third book of his history, refers to three eruptions of Etna within 
the memory of man, and specifies one as having happened in his own 
day,—in B.c. 425; which, he tells us, greatly damaged the property 
of the people of Catana (now Catania). An eruption which happened — 
fifty years earlier seems to be referred to by the poet Pindar in his 
first Pythian ode, and by Aéschylus, in his Prometheus Bound. The 
volcanic wrath of Etna is also recognised by Virgil and by Lucretius. 

But at this point, a sceptical critic, such as Lyell seems to imagine, 
might naturally enough make a request for something more. He might, 
I conceive, plausibly argue as follows :—-“‘ For an event which is @ 
_ priort improbable, we demand evidence of extra clearness and cogency. 
This principle is based upon common sense and the experience of life. 
It is admitted by men of science—it is constantly implied and acted 
upon in our law courts. Now you are asking me to accept as true a 
very unheard-of event, and so far what have you produced? A poet, 


occur in the Sylve (lib. v. carm. iii. 305; lib. iv. carm. vill. 4). In the last 
named passage the poet congratulates Julius Menecrates on the birth of a third 
child :— 
‘‘clari genus ecce Menecratis auget 
Tertia jam soboles : procerum tibi nobile vulgus 
Crescit, et insani solatur damna Vesevt.” 
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who only speaks of the eruption ; a moralist, or rather a theologian, 
who seems anxious to prove the correctness of the Sibyl, as a 
prophetess.* Very excellent and able men are sometimes in such 
cases inclined to see what they wish to see; and to exaggerate, even 
when they do not actually invent. Then comes another witness. 
Statius may not be untruthful, but poetic licence has passed into a 
proverb, and a few houses with their inhabitants may have been © 
exaggerated into ‘cities and peoples.’ Surely I may fairly ask for 
more distinctness in point of date ; above all, J have a right to demand 
some plain historical contemporary narrative, which may supply us not 
only with the date of the event, but also with the names of the buried 

cities.” 

How far can these demands be satisfied? This will be seen, when 
as we pass on to the grave historians of the period. 

4, The first whom I adduce is indeed one of lofty renown, Cornelius 
Tacitus. In the production of brief lightning-like phrases for the 
expression of the bitterest scorn or of the deepest pathos, Tacitus is 
unsurpassed, I had almost said unrivalled. It must suffice, in passing, 
to remind you of his description of the world beyond the grave as the 
home “where fierce indignation can no longer lacerate the heart” 
(ubi sceva indignatio cor ulterius lacerare nequit), or his description of 
his father-in-law Agricola, hoping on his death-bed to meet the 

countenance of his daughter and her husband Tacitus: ‘ And in thy 
~ latest glance thine eyes looked longingly for something” (et in novis- 
sumd luce aliquid desideravere ocult tut ; an expression for which a 
famous master of fiction thanked Rogers, though surely Rogers must 
have first borrowed it from this earlier source.t | 

But in the power of simple and lucid narrative, of a plain state- 
ment of plain facts, Tacitus is by no means equally pre-eminent. 
The case before us needed such a narrative. What do we actually 


* It is true that Plutarch introduces an objector, but the tendency of the 
treatise appears to me to be unmistakably in the direction of belief in the Sibyl- 
line predictions. | 

+ ‘‘For a beautiful thought in the last chapter but one of The Old Curiosity 
Shop, I am indebted to Mr Rogers. Itis taken from his charmitig tale Ginevra. 


** And long might’st thou have seen 
An old man wandering as in quest of something— 
Something he could not find—he knew not what.” 
Charles Dickens, Preface to Barnaby Rudge,in _ 
Master Humphrey's Clock, vol. iii, (ed, 1841). 
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find? The historian was about nineteen years of age when the 
catastrophe took place, and he doubtless intended to leave us a full 

and detailed record of the event. This intention, however, was not 
carried out. In the prefatory chapter of his Histories, which were 
meant to embrace a period of some one-and-twenty years, beginning 
with the accession of Galba in A.D. 68, our author describes this era 
as one which, in the conversational language of our day, might be 
described as abounding in sensational events (opimum casibus). The 
assassinations, the wars: civil and foreign, with other startling 
casualties, are briefly summed up; and amidst them we come upon 
the following sentence,—“ Hauste aut obrutx urbes foccundissimd 
Campania ord” (lib. i. cap. 2). 

My own rendering of these words would be as follows :—“ Cities 
in the most fertile district of Campania were engulfed or overwhelmed.” 
The date is left uncertain; and if I might venture for a moment to 
regard Vesuvius in the light of a culprit, I can see nothing in the 
language of Tacitus, as it has come down to us, to connect the accused 
with the destruction of the unnamed cities to which the historian 
refers, I submit that the term obrutx (overwhelmed) might 
naturally be supposed to indicate an inundation or a landslip. The 
preceding participle is somewhat less clear. Hawrio primarily means 
to draw ; and as the water thus obtained from a well, or the wine 
from a cask, may be drunk, the verb acquires in a secondary sense 
the significations to drink im, to umbibe, to engulf, or swallow up, 
Thence it may be applied to the effect of an earthquake, and we find — 
it so employed in the works of the elder Pliny: “hawriri urbes terre 
hiatibus, that cities were swallowed up by gapings of the earth.” 
Pompeii had suffered terribly from an earthquake in a.p. 63. This 
we learn from an earlier work of Tacitus, the Annals (xv. 22) :—“A 
notable city of Campania, Pompeii, was to a great extent overthrown 
by an earthquake. Motd terre celebre Campaniz oppidum Pompeii 
magné ex parte proruit.” Indeed Seneca, though dating the event 
one year later, heard that it had settled down (desedisse), and, I 
presume, actually disappeared. This was an exaggeration; but 
what had almost happened, in a.p. 63, might aay have come to 
pass some sixteen years later. 

Tam bound to confess that very high authority appears to be against 
me as regards the evidence of Tacitus. That Lipsius, in his notes 
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on the passage, should connect the calamity with the eruption of 
Vesuvius is, with our present knowledge, almost a matter of course. 
But an admirable scholar and distinguished historian, the present 
Dean of Ely, seems to go somewhat further (Romans under the 
Empire, ed. 1876, chap. lx. p. 308, note 2), and writes thus,— 
“ Haustx aut obrutx urbes ;” ‘in the one case swallowed up in streams 
of lava, in the other overwhelmed by showers of ashes.” If Dr 
Merivale means that these were the thoughts in the mind of Tacitus, 
and that contemporaries may possibly have so understood him, I am 
perfectly willing to admit it. But if I am asked to recognise this as 
the natural and obvious interpretation of the passage as it stands, I 
must (while fully conscious of my boldness in so doing) venture to 
express a respectful dissent. The “streams of lava” and the 
“showers of ashes” seem to me to be read into the page of Tacitus, 
but not by any grammatical or linguistic process to be fairly 
deducible from it. 

5, The two next witnesses, Josephus and Suetonius, need not 
detain us long. The Jewish historian, in the twentieth book of his 
Antiquities (cap. vil. § 2, ed. Richter), informs us that Drusilla, of 
whom we read in the Acts of the Apostles, was induced, through the 
influence of Simon Magus, to desert her husband Azizus, king of 
Emesa, and marry the Roman governor of Judea, Felix. From this 
marriage was born a son, whom his mother called Agrippa. Josephus 
then adds :—“ How this young man with his wife disappeared at the 
time of the conflagration of mount Vesuvius, in the reign of the 
Emperor Titus, I will explain hereafter.” Like Tacitus, he left his 
promise unfulfilled. But of all my witnesses this is the first who has. 
spoken at all definitely in regard to the date of the eruption. For - 
as the reign of Titus lasted only two years and two months, the 
time is hereby brought within a narrow limit. Further, the 
announcement that persons of high social position disappeared in 
connection with the eruption, suggests, as a natural inference, that 
many of humbler rank and of the slaves may have perished likewise. 
For a youthful couple of the station occupied by Agrippa and his 
wife would have the best chance of escape afforded them. I am 
not, of course, forgetting that great loss of life is implied in the 
language of Statius, Plutarch, and Tacitus. But their statements 
are in this respect vague and general. 
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6. Suetonius is also brief, but somewhat more explicit. Among 
the sad events of the brief reign of Titus, he enumerates the 
conflagratio Vese montis in Campanid, and proceeds to praise the 
not merely princely, but even parental solicitude displayed by the 
emperor towards the sufferers by this, as by other calamities. “He 
chose by lot from the list of men of consular dignity Curatores for — 
the restoration of Campania. The goods of those who perished on 
Vesuvius, but left no heirs, he assigned to the restoration of the 
damaged cities (restitution: afflictarum civitatum).” This language 
also gives the reign of Titus, and distinctly connects with the eruption 
damage done to some unnamed cities. But so far as this biographer 
of the Cesars is our guide, the cities have been damaged only. 
Who would have supposed that they had been swallowed up or 
overwhelmed ? . | | 

7. It is high time to come to the last contemporary witness on my © 
list. I have mentioned in conversation to at least a dozen scholars 
the unsatisfactory character of the evidence for the destruction of 
Pompeii and of Herculaneum by Vesuvius, and they have one and 
all replied :—“ Surely, Pliny has told usall about it.” About what ? 
I am compelled to ask. About the death of his uncle, about the 
destruction of the small town of Stabize, about his misgivings respect- 
ing his conduct in not accompanying his uncle, about his devoted 
care for the safety of his mother, about his feelings during the 
escape? Yes. About the destruction of these two considerable cities ? 
No. The two letters, which the younger Pliny wrote at the request 
of Tacitus, occupy in ordinary editions some six pages. But there 
is only one sentence which contains so much as a reference to the 
overthrow of Herculaneum and Pompeii; and even that sentence is 
expressed in terms of a most vague and general character. 

_ Now in such a case it is easy, through the influence of a conscious 
or unconscious bias, to warp an author’s words, and make a transla- 
tion serve the purpose of a commentary. Distrustful of myself, I 
appealed to a brother Fellow of this Royal Society, one whose 
authority will be recognised far beyond the limits of these walls or 
even of Scotland, the Professor of Humanity in the University of 
Edinburgh. The kindly interest evinced by Professor Sellar in the 
matter induced me to ask his opinion on so many other points, that 
I almost began to fear that he would wish the cities re-buried. On 
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every point but one I have found my own judgment confirmed by 
his, and I now read with entire acceptance the Professor’s version 
of the particular sentence in question :—“ For although he perished — 
by a memorable casualty, like cities and their populations, in a 
calamity which overtook the most beautiful regions, and is thus 
destined, as it were, to live for ever; though too he himself was the 
author of very many works which the world will not allow to die; 
yet the continued existence of his writings will be more ensured by 
the immortality which awaits yours.” * 

With Sir Charles Lyell, with Mr. Bunbury, with (I cannot help 
thinking) the vast majority of those who will examine the letters 
impartially, I fail to detect in these words anything like a proof that 
two great cities were actually then and there destroyed. Tacitus 
may have understood the allusion well enough ; but would any reader 
of the passage as it stands before us so understand it? Why, 
Casaubon actually proposed to alter the nominative plural wrbes into 
the genitive singular wis. That was a mere conjecture, which later 
editors have rightly rejected. But even the mistakes of clever men 
are often suggestive; and I suspect that this famous scholar not only 
thought that the grammar would be simplified by the proposed 
change, but likewise that the epistle would be rendered more con- 
sistent with itself. He only saw in the letter a reference to one city, 
namely Stabiz ; and consequently could not imagine why the plural 
number should be used. Let us try to place ourselves in the position 
of the men of Casaubon’s day, none of whom had seen the ruins 
which are now known so well. We might possibly have thought his 
conjectural emendation to be highly plausible. 

Let me not, however, be supposed for one moment to underrate 
the interest and value of these two famous letters. Tacitus asked 
for an account of the death of the elder Pliny from his nephew, and 
obtained even more than he asked. The cloud first issuing from the 


* It seems right to give the original. ‘‘Quamvis enim pulcherrimarum 
clade terrarum, ut populi, ut urbes memorabili cast, quasi semper victurus 
occiderit ; quamvis ipse plurima opera et mansura condiderit, multum tamen 
perpetuitati ejus scriptorum tuorum eternitas addet.” Mr Lewis’s version is 
substantially identical with that given above ; that of Melmoth is too much of | 
a paraphrase to be cited in evidence. Professor Sellar has observed, I should 
think with perfect justice, that the Latinity of this silver age had certainly lost 

much of the precision which characterised the writers of the Augustan epoch. 


/ 
- 


of Edinburgh, Session 1881-82. 435 


long dormant volcano, and assuming the shape of a pine tree; its 
alternate brightness and discoloration by earth and cinders; the offer 
of the uncle to take his nephew in the vessel ordered for his own 
use; the whispered apology for his continuance of his studies, 
couched in the remark that “by chance he had given me something 
to write” (which I agree with Dean Merivale in thinking delicious) ; 
the uncle’s change of purpose in consequence of a message from an 
inhabitant of Retina; the night’s rest there, and the flight of the 
party at dawn with pillows tied around their heads, as some defence 
against the showers of stones ; the thick darkness, deeper than that 
of night, which soon obscured the daylight ; the fall and suffocation 
of the uncle ; the flight of the mother and her son from their home, 
on the just ground that it must be the wish of their relative that 
they should live, whatever had been his fate; the terrified crowds ; 
the earthquake which rocked the chariots; the withdrawal of the 
sea, leaving many marine animals on the shore; the dark cloud 
behind, with its serpentine outbursts of flame; the shrieks of women, 
_ the screams of children, the cries of men for parent, wife, and child ; 
the discharge, of which the bulk happily missed them, but yet 
showered ashes so heavily that it was needful to shake them off from 
time to time; the conviction of all (which to Pliny himself was a con- 
solation) that the world’s last day had come,—all this and more is 
told with wondrous power.—I only say, that it is not evidence upon ~ 
the question now before us. 

Recognising the just praise due to Tacitus for his inquiries, and 
the amount of good feeling as well as literary skill displayed in this, 
as in so many of the younger Pliny’s epistles, let me be pardoned if 
I prolong this digression one moment longer by a brief reference to ~ 
the elder Pliny. Influenced at least in theory, I fear, by that 
Epicurean philosophy which had undermined velief in the future, 
he was Stoical, in the best sense of the word, in the nobleness of his 
attachment to the idea of duty. One of the defenders of his country, 
—he was admiral of the Roman fleet stationed off Misenum,—Pliny, 
without neglect of the service, devoted all his leisure to study, a 
combination of pursuits not unknown in the annals of this Society. 
Inferior in the true scientific temper, I suppose, to an Aristotle or an 
Archimedes, he nevertheless produced a work on natural history 


which still lives, and which has been translated into all European, 
VOL, XI. 3K 
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and into some Eastern languages. On this occasion he started at all 
’ risks, that he might ascertain the meaning of the phenomena before 
him, but changed his course at the request of the alarmed inhabitants 
of Retina, for whom he did all that lay in his power. He died a 
martyr to the cause of science,—a martyr to the cause of humanity. 
And therefore within these walls—could there be a more fittin g 
spot ?—I ask leave to pay to his memory one passing tribute—not 
of pity, I can never associate the thought of pity with the close of 
a life sacrificed in the service of fellow-creatures—but of reverence, 
homage, sympathy. With him were lost to posterity the best hopes 
of a full and accurate account of the results of the catastrophe by 
which he perished. © 

Let me not, however, seem to forget that a just objection has been © 
made against reasonings, which, because no one piece of evidence is 
conclusive in itself, evade and iiais the force which the testimonies 
may possess, when considered as a connected whole. It must be 
admitted, that in the case before us the items, though variant, are 
‘not discordant; that they come from Greek and Jew as well as 
Roman, and that in their combinations they certainly do point to a 
great and memorable calamity. There is a fierce eruption of the long 
dormant volcano (Martial, Plutarch, Statius, Josephus, Suetonius, 
Pliny); the destruction of cities, not distinctly connected, I think, 
with the eruption by Tacitus or Pliny, but connected with it by 
Plutarch and Statius; great loss of life expressed or implied by 
Plutarch, Statius, Tacitus, and perhaps Josephus. The date of Titus 
on the throne is supplied by Josephus and Suetonius; and rightly 
calculated thence, I doubt not, by Clinton and others, for the jirs¢ 
year of that reign, namely, a.p. 79. The younger Pliny adds the 
day, namely, the 24th of August, a day to be made memorable in 
after ages by an eruption of another kind in a country north of Italy, 
in the France of 1572; for the 24th of August is the Festival of St. 
Bartholomew. 

Such is the sum—l believe, the complete sum—of all the contem- 
porary evidence. I pass on to the statements of a witness of a later 
period. But “ Hold,” cries out an important and gifted school of 
inquirers, ‘‘ you have no business to take such a step. All history 
must rest upon contemporary written evidence, and what is beyond 
this is of little worth.” Of this school I must regard the late Sir 
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George Cornewall Lewis as (at any rate in Britain) the most able and 
consistent representative. He would fain have thrown aside all 
inquiries into the earlier periods of Roman history, and have begun 
with the war of Pyrrhus against Rome in B.c, 280. It is right to 
_ say that, with Polybius, Lewis fully granted a man’s competency to 
record events which happened at least twenty years before his birth, 
on the ground that so many of us have received information from 
our grandfathers, or from persons of their generation, though few of 
us have any distinct personal recollections of our great-grandfathers.* 
This theory is so simple, so trenchant as to possess attractions for 

many minds ; and I must own to having been much impressed by it, 
~ when Lewis’ two volumes on The Credibility of Early Roman History 
first appeared in 1855. But it does not now, I fancy, represent a 
winning cause; and I have come to regard it as decidedly too rigid 
and narrow. Accordingly, I pass onward. 

' Seventy-six years after this great calamity, there was born at Nice, 
in Bithynia, one who in after life thought himself called upon by a 
dream to write the history of the Romans of his time, Dion Cassius. 
He did not begin to collect materials until 122 years after the fall of - 
Pompeii, and it must have been 140 years after (four times the most 
liberal allowance for contemporary evidence) that he published his 
work. 

Dion Cassius comes before us with many drawbacks. Not merely 
does he write long after the event, but he informs us that just before 
the outburst giants (or figures like the pictures of giants) stalked on 
the mountain, were seen in the air, and visited the neighbouring - 
districts by day and night ; that not only droughts, earthquakes, and 
rumblings preceded the eruption, with roarings of sea and sky, but 
that also these gigantic visions were seen amidst the smoke, and the 
sound of trumpets was heard. A plague burst upon man and beast ; 
_ birds and fishes also perished ; the ashes flew as far as Rome, and 
were the cause of the pestilence which undoubtedly did prevail ; and 
further, “it buried two entire cities, Herculaneum and Pompeii, 
while their inhabitants were sitting in the theatre.” 

Here then at last, when a hundred and forty years have passed away, 
after all these hints, after assertions of a vague and general character, — 


-* Lewis would extend this term we Polybius. I should be inclined to 
go as far as thirty-five years. 
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we at length learn the names of the two unfortunate cities that were 
overwhelmed. But let us place ourselves back in imagination at the — 
time of the revival of classic learning in the 16th century, and ask 
what would have been our verdict? With sincere diffidence, judging 
from such canons of credibility as I have been able to form for my 
own guidance, I believe that I should have said, that beneath these 
varied testimonies there must most probably lie some real kernel of 
truth, but that, although it was possible to underrate the amount of 
the evidence,—Lyell, for instance, omits Plutarch and Statius,—the 
manifest admixture of legendary matter justified one in withholding 
a full credence ; and that serious damage to the cities and consider- 
able loss of life had been magnified into this absolute destruction. 
In other words, without absolutely discrediting the story, I should 
have supposed it to have been woefully exaggerated. | 

And yet, on the main point, it was, after all, the contemporary | 
annalists who had been reticent and vague; it was the non-contem- 
porary one who was correct. From the single eye-witness, Pliny the 
younger, the testis oculatus, whom a Roman proverb declared to be 
worth more than ten who went by hearsay, we get virtually nothing ; 
from the man who published a narrative four generations afterwards 
(supported no doubt by two contemporaries, a poet and a moralist) we 
obtain names, dates, and all that is most requisite for the production 
of a positive and definite statement. There came a day when the 
words of Dion Cassius were to be proved truthfui. First a glimpse 
of some columns, then a shaft sunk in Herculaneum with the object 
of making a well, and at length, in 1755, after a silence (broken 
only by some more general statements of a few historians) which 
had lasted for 1676 years, Pompeii was at length disclosed. The 
streets, the tombs, the baths, the forum, the school for gladiators, 
the temples, the shops, the fountains, all were there,—preserved, as 
has been truly said, by the very catastrophe which seemed to have 
wrought their destruction. Not grand asa whole, yet not wanting 
in the signs of elegance and luxury in domestic architecture, or in the 
marks of culture and civilisation, Pompeii was once more visible. 
The lamps, the buckles, the loaves, the roll about to be made into 
_ pills, the greaves and cuirasses, the statuettes, the cogged dice, the 
candelabra, the ornaments for female dresses, could all be recognised. 
So far the number of skeletons found has not been large. The reason — 
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for this is still a disputed question. Some buildings inquirers did 
not expect to find, and did not find; there was no hospital or 
infirmary,—that was a feature of life unknown to Greek or Roman 
civilisation. But much that was unexpected was found, as, for 
instance, beautiful glass windows and objects made of blown glass. 
Herculaneum has been less excavated ; the modern town of Portici 
stands above it, and the expense of penetrating the harder material 
is greater. Still none can doubt but that few discoveries have thrown 
more light upon the details of the manners of those times than these 
marvellous and unexpected disclosures. 

In conclusion, I would venture to lay down four positions as 
naturally arising out of this inquiry. 

1. It does not appear to lend support to the views of a school, — 
somewhat fashionable just at present, which would represent history 
as simply one vast falsehood. Several of our witnesses have certainly 
been vague, and so far misleading, but they have not in any case been 
proved false; and two among them, Tacitus and Josephus (to say 
nothing of the elder Pliny), intended to have told us more. By all 
means let both premises and conclusions in history be examined with 
‘ due severity. Its assertions may never reach demonstration ; but 
they may in some cases fall short of it by an amount less than any 
assignable quantity. Let me repeat, on this head, the words which 
I heard uttered by Dr. Arnold almost forty years ago :—“If 
historical testimony be really worth nothing, it touches us in one 
of the very divinest parts of our nature, the power of connecting 
ourselves with the past.” * | 

2. This inquiry does, if I am not mistaken, deal a serious blow at 
the view of that school which would limit our historical researches to 
the study of contemporary written evidence. It is true that such a 
principle cannot adequately be judged by any single instance; but 
there are plenty more to be had, as for example, the narrative of the 
Indian campaign of Alexander the Great, for which we now depend ~ 
mainly upon Arrian, who was born four hundred years after the death 
of Alexander. Still the case before us supplies an exceedingly crucial 
test. It is but seldom that we can hope to confront the statements 
of historians with such evidence as has been afforded by the excava- 


* Lectures on Modern History, lect. viii. 
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tion of Herculaneum and of Pompeii. And here, as we have seen, 
it was the non-contemporary, Dion Cassius, who alone gave precise 
information. From no other author could Lord Lytton have taken, 
as he did, a clear and emphatic motto for his tale. | 

3. We must expect to find a wide difference in the amount of 
testimony accessible before and after the invention of printing. Not 


only has printing saved many documents from perishing, and induced — 


numbers to write, who would not otherwise have taken the trouble, 
but publication—witness that of the Greville memoirs in our own day 


—calls forth counter criticism, and lends fresh aid to investigation. © 


This remark may appear too obvious to be worth making. But I am 
convinced that, for us, who live in an age of cheap newspapers and 
telegrams, it requires a real effort of the imagination to conceive the 
lack of information in the ages when printing was unknown. And 
this effort is not always made when it ought to be. 

4, My closing assertions open up a distinct chapter in the history 
of the human mind. It cannot be more than suggested, but it is 
impossible to pass it by. The comparative silence of antiquity 
respecting the fate of these unfortunate cities was not caused solely 
by the want of the printing press, the railway, and the telegraph ; it 
also arose from a limitation of sympathy. In our own day we cannot 
imagine such a catastrophe so heedlessly passed by. The Emperor 
Titus, to his lasting honour, did do something for the sufferers ; but 
[ cannot find a hint of such an idea occurring to any one besides. 
The first impulse arising out of such a belief is one of satisfaction at 
the improved condition of mankind. And yet I feel, with Dean 
Merivale, that there is a real danger of our overstating the case 


against classic paganism: and if I could suppose an advocate on its - 


behalf to arise and to challenge us with full knowledge of our past, 
as well as of his own side, he might possibly address us in language 
of this sort,—‘ You claim the possession of a purer light, of a truly 
philanthropic creed. For that very reason we have a right to ask 
for justice at your hands. State, if you will, the case that can be 
made out against us, and for yourselves; but state it fairly, and 
state it as a whole.” To examine the problems here suggested 
would be not merely an unwarrantable demand upon your time, 
which I have already occupied so long, but it might involve, I fear, 
something like a breach of trust as introducing themes unsuited for 


\ 
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remark, that any student of these questions would do well to ask 
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the calm discussion befitting this Society. Thus much only let me 


whether this extension of sympathy has not been a plant of somewhat 
tardy growth. Let him look at the feudalist historians, such as 
Froissart and De Comines: let him read the comments upon the 
letters of Madame de Sevigné, made in one of the great books of this 


century, the American Democracy of De Tocqueville. 


In the very year 1755, in which the ruins of the Campanian cities 
were first excavated, Europe was startled by a catastrophe no less 


_ terrible,—by that earthquake at Lisbon (at first discredited even by 


such a man as Dr. Johnson), but which, when proved, produced a 
profound impression, as well it might, when we remember that it 
destroyed one-third of an European capital, and caused the death of 
15,000 persons. Let the inquirer read the accounts not only as 
given by British historians, but also in Sismondi’s Histoire des 
Francais. He will find himself in the presence of questions connected 
with the proper limits of sympathy and of tolerance, of which I will 
only venture to say here, that I cannot regard them as yet fully 
solved; and that I can hardly believe that they ever will receive © 
their solution from any who imagine them to be simple elements — 
which can be easily disengaged from the complex structure of 


APPENDIX. 
(Added during Printing.) 


At the conclusion of the above paper, Dr. Donaldson, Professor of 
Humanity in the University of Aberdeen, after kindly thanking its 
author for his address, made two exceptions to its line of argument. 
In the first place, urged the Professor, the gaps in the history of those 
times are so great that one would hardly wonder if the destruction of 
these cities had remained entirely unnoticed. The wall of Antoninus 
between the Forth and the Clyde was only mentioned by one author, 
and he did not write until a century after its formation. Moreover, 
one important passage bearing upon the question had been overlooked. 
The emperor Marcus Aurelius, in his well-known Meditations, written 
about a century after the event, refers to the destruction of Pompeii 
and Herculaneum as an event perfectly well known. 
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I have tried to consider these remarks with the respect due to 
their own force and to the high claims of the speaker. But they do 
not seem to me to be fatal to the positions taken up in my address, 
for the following reasons :— 

1, The formation of a vallum, though an interesting and important 
event, was nothing very novel. Hadrian, the predecessor of 


Antoninus, had made one nearly twice as long between the mouth | 


of the Tyne and the Solway Firth, Nor can it be considered to 
have any such startling and sensational character, as to make a very 
vivid impression upon the imagination of contemporaries. It was 
effected more than 1000 miles from Rome, among tribes regarded 
by the Romans as wild barbarians. But the event discussed in the 
above address occurred in Italy itself; it fell upon two well-known 
cities not 200 miles from Rome, where eminent Romans possessed 


villas ; and it was, so far as the Italian pensinula is concerned, some-— 


thing eminently startling and previously unheard of. 
2. By the kindness of Dr. Donaldson, I am in possession of the 


precise words of M. Aurelius, which I had certainly overlooked. — 


Literally translated, they run thus :—“ How many entire cities, so to 
speak, have perished [or, are dead]; Helicé and Pompeii and 
Herculaneum and numberless others."* 

Let it be observed that this is not contemporary evidence ; for it 
is a century after the event. Further, forasmuch as Helicé, in Achaia, 
perished suddenly by an earthquake, it might be inferred that the 
Campanian cities had probably been destroyed in like manner, No 
student of these words, at the time of the revival of learning, would 
detect in them a hint that Vesuvius was in anywise implicated, 


although the contemporaries of the imperial author might happen to — 


be well aware of it. But is it evidence which could be produced in 


a court of justice as on a level with that of Dion Cassius? Do not 


the words “ numberless others ” imply that Pompeii and Herculaneum 
had been destroyed in some way which was not very uncommon! I 
would still respectfully submit, that the passage would be justly 
classed by Lyell among the testimonies, which are not merely non- 
contemporary, but likewise somewhat vague and general. 


* Tidoa: 81 SAat, obtws elmw, cat Moumhio: rat 
HpkAdvoy, &AAa Antonini Commentariorum, lib. iv. 
cap. 48, 
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The following Communications were read :— 


2. On a Specimen of Sowerby’s Whale (Mesoplodon bidens) 
captured in Shetland. By Professor Turner. 


Sowerby’s whale is one of the rarest of the cetacea which frequent 
the British seas. It was first recognised as a distinct species by Mr. 
James Sowerby, from a specimen cast ashore in 1800 on the coast of © 
Elgin, and named by him Physeter bidens.* From that time to the 
present no properly authenticated specimen has been obtained in 
Scotland, although it is not unlikely that a skullin the Museum of 
Science and Art in this city, a description of which I gave to this 
Society in 1872,+ may have belonged to an animal captured in the 
Scottish seas. Two, if not three, specimens have been obtained on 
the Irish coast, but I know of no example of this whale having been 
caught in England. In my former communication to this Society, 
I referred to two specimens taken in France (Havre, Calvados), one 
at Ostend, one on the coast of _Norway, and oue on the coast of © 
Sweden, and this completed the record of this animal so far as I 
could find a reference in zoological literature. I was not aware at 
that time that a specimen had been stranded on: Nantucket Island, 
Massachusetts, U.S., about the year 1867, and that the cranium 
was in the Museum of Comparative Zoology, Harvard College.t 
The animal was said to be new to America. 

More recently,§ Professor Reinhardt of Copenhagen has described 


* Sowerby’s British Miscellany of New or Rare Animals, vol. i. p. 1, 
1806. | | 

+ ‘On the occurrence of Ziphius cavirostris in the Shetland seas, and a 
comparison of its skull with that of Sowerby’s Whale,” Trans. Roy. Soc. Edin., 
vol. xxvi. 

+ See reference by Prof. Agassiz, in Proc. Boston Soc. Nat. Hist., Nov. 16, 
1867. Mr. J. A. Allen, ‘‘ Catalogue of the Mammals of Massachusetts,” in 
Bulletin of the Museum of Comparative Zoology at Harvard College, vol. i., 
1863-1869, p. 205. MM. Van Beneden and Gervais, Ostéographie des Cétacés, 
p. 396. | 

§ Prof. Van Beneden referred, in Bull. de? Acad. Roy. de Belgique, Feévrier, 
1880, tom. xlix., to a female cetacean captured in December 1879 at Hillion, on 
the west coast of France (Cétes du Nord), which, from the description sent to 
him, might, he thought, be either Ziphius cavirostris or Mesoplodon sowerbyt. 

VOL. XI. 3 L 
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and figured* a female cetacean, Mesoplodon bidens, which he identifies 
with Sowerby’s whale. It was captured on the 3rd February 1880, 
at Hevringholm Strand, on the east coast of Jutland. As natural- 
ists have possessed so few opportunities of seeing this animal, 


I append an abstract of Professor Reinhardt’s account of this 
specimen :— 


“Tt was 13 feet 9 inches (Danish) long, and nearly full grown. Except 
in a few places, nearly all the cuticle was removed, for the animal had 
been dead for over a month. The remains of the epidermis and the 
interior of the mouth were blackish. The body in front of the dorsal 
fin was rounded transversely, but a little behind the head it was com- 
pressed laterally, and towards the dorsal mesial line. Behind the dorsal 
fin the body was compressed into a sharp dorsal keel, which faded away 
on the upper surface of the tail. A sharp keel did not exist on the under 
surface, though it was also somewhat compressed. The tail did not have 
a mesial notch between its lateral lobes. The anteriorly converging 
furrows in the throat ran together in this animal similarly to what was 
described by Mr. W. Andrews in an Irish specimen. The external auditory 
meatus was large and conspicuous, its size perhaps depending on the 
circumstance that the epidermis was removed. The external nares were 
semilunar and not mesial, but more to the left, so that scarcely a third 
was on the right side of the mesial line. Moreover, it cut the middle 
line a little obliquely, so that the end of the right cornu reached a little 
more forwards than the left, and the want of symmetry showed itself also — 
in the left side of the crescent, being somewhat more curved than the 
right. The contour of the head, when looked at from above, showed a 
greater convexity to the outer side of the spiracle on the left side than 
on the right. As is well known, the mandible of this whale possesses a 
pair of compressed teeth, large in the male, smaller in the female. On 
first seeing this specimen no teeth were recognised, for the mandibular 
teeth were covered and concealed by the skin. But some days later 
when the integument was more shrunk, two small functionless teeth, of 
about the size of a pin’s head, were also seen on each side of the upper jaw 
about to emerge from the skin, in which they were so loosely lodged that 
they were freely movable. The more anterior tooth was 9” 3” from the 
tip of the superior maxilla, the second 5” behind the first, and at a 
. similar distance behind the second a third could be felt on cutting into 
the skin, and, more posteriorly, apparently a fourth. No small function- 
less teeth were seen in the mandible, though they were also probably 


In a letter which he has favoured me with, in reply to a query for further 


information, he states that, having bought the skeleton, he found it to be a 
Hyperoodon. 


* Oversight over d. K. D. Vidensk. Selsk., Forhldl. 1880. 
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present in this specimen. The skeleton, unfortunately, was not pre- 
serv 22 * 


On the 9th November 1881, it was reported to Professor A. W. 
Malm of Goteborg, that a small whale had been found dead off 
Vanholmen, near Marstrand, Sweden. Dr. A. H. Malm went to 


see the specimen, and acquired the skeleton for the Goteborg 
Museum. t | 


He reports that the animal was a male, 4500 millimetres (nearly 15 feet) 
long, and that it was a Sowerby’s whale. It was found floating by the 
fisherman in a narrow creek—dead, but fresh. The animal had been 
partially flensed before Dr. Malm saw it. The colour was dark slate, 
with greyish-white irregularly scattered spots, especially on the ventral 
aspect. The lobes of the tail measured transversely 1200 mm. The tail 
was not strongly concave posteriorly, as is figured by Dumortier in the 
Ostend specimen, but was almost transverse, with a convexity forming 
an obtuse angle, and not a mesial notch between its lateral lobes. The 
snout tapered more rapidly from the corner of the mouth. Behind the 
teeth the slit of the mouth resembled a bow turned upwards, but in 
front, it was at first like a bow turned downwards, and then it was 
straight to the tip of the snout. The upper lips were drawn up so that 
the palate sank below them, and fitted into the furrow of the mandible. 
The teeth projected outside the lips when the mouth was shut. Only 
two teeth were present, one in each mandible, but an alveolar furrow 
extended for about 7 mm. behind each tooth, as if for the lodgment of a 
smaller tooth, such as was found in the Swedish specimen previously 
described by Professor A. W. Malm.t The tongue was fixed to the 
mandible, so that only the point was free. The external nares were 
semilunar, concave forwards, and formed a third of a circle. Anterior 
to the nares, the head had a fine rounded shape. The dorsal fin pointed 
backwards ; its posterior edge considerably falcated ; its length 450 mm., 
its height 200 mm. The anterior limbs were very small; the anterior 


* Professor Reinhardt refers in his paper to two American specimens of 
Sowerby’s whale, the one taken at Dennis, Massachusetts, in 1869, the other 
at Newport, Rhode Island, in the same year. But in a letter which he has 
favoured me with, he informs me that he is now satisfied that these animals 
were not Mesoplodon bidens (Sow.) but Hyperoodon rostratus. 

+ Goteborg’s Naturhistoriska Museum, Zool. Zoot., Afdelningarna, 1882. 
_ Through the courtesy of Dr. A. H. Malm, I received an early copy of his 
paper, which reached me a few days after my communication was read to the 
Royal Society. ‘1'o give sequence to the narrative, I have incorporated in the 
text the above analysis of Dr. Malm’s paper. I am indebted for a translation 
of Dr. Malm’s description, and of that in Professor Reinhardt’s payer, to a 
young Swedish gentleman, one of my pupils, Mr. Arwid d Kellgren. 

Hvaldjur Sveriges Museen an 1869 
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edge was bent slightly back; the posterior formed at the middle a 
rounded projecting angle. It was almost the same size as the previous 
Swedish specimen, also in the Goteborg Museum, but the head was a 
little longer, though not quite so broad, and the teeth were lower but 
longer (along the mandible) than in the earlier specimen. 


In September 1881, the Rev. George Gordon of Birnie, Elgin, 
wrote to me, that when on a visit recently to Hillswick, Shetland, 
he had seen the skull of a small cetacean, which he was led to think 
was a Sowerby’s whale, and that the skeleton was in the possession 
of Mr. John Anderson of Hillswick. I accordingly wrote to Mr. 
Anderson to request him to present the skeleton to the Anatomical 
Museum of the University, and at the first opportunity he most 
courteously forwarded the bones to me, when the accuracy of Mr. 
Gordon’s diagnosis of the species was at once confirmed. I desire 
to express my thanks to Mr. Gordon for having so generously given 
me information of the specimen, and to Mr.’ Anderson for his liber- 
ality in presenting the skeleton to the Museum. 

This whale was captured in April 1881 by Mr. Thomas porara 
who has kindly furnished me with the following particulars, He 
saw it struggling near the shore in the Urafirth Voe, Northmavine, 
on the west coast of the main island of Shetland, and his attention 
was directed to it by hearing at short intervals a deep groan. A 
rifle was then fired at it, and the animal swam into a narrow creek, 
where it was harpooned. It was a male, 14 feet in length. The 
back was dark bluish-grey or slate-coloured, becoming lighter on the 
_ sides and whitish on the belly. Grey or whitish streaks and spots, 
often circular, were irregularly scattered over the sides. The skin 
was smooth, except on the belly, which was ribbed not unlike a 
stocking: this ribbed appearance began near the jaw and passed 
back beyond the flipper. A deep crevice was between the two 
halves of the lower jaw, which came to a point in front, but became 
wider and shallower behind, _ The beak was elongated and pointed. 
The mouth slit was straight in front of the teeth in the lower jaw, 
but behind the teeth it was curved with the convexity upwards and 
backwards. The blowhole was semicircular in shape, and with a 
flap which seemed to close it at will. The pectoral flipper seemed 
to be 14 or 2 feet long, but no measurement was made. A dorsal 
fin projected from about the middle of the back. The tail measured 
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34 feet between the tips of the two lobes. The two mandibular 
teeth projected upwards from between the lips at the sides of the 
snout, even when the mouth was shut ; and a bunch of barnacles, 
about 6 inches long, was firmly stacked to each tooth. The 
stomach was empty, and — very small for the size of the 
animal, 

It is interesting to note that Urafirth Voe, where this Mesoplodon 
bidens (Sowerby) was caught, is only 4 miles from Hamna Voe, 
where the specimen of Ziphius cavirostris was obtained which I 
described to this Society in 1872, and for the skull of which I am 
also indebted to Mr. Anderson. : 

The following table gives, so far as is known, the sex of the 
different specimens which have been captured, the localities, the 
dates of capture, the naturalists who have described them, and the 
museums where the skeletons, or part of the skeletons, are pre- 
served :— 


| By whom De- Where Pre- 
Sex. | Locality where Captured. | Date. scribed. served. 
1.| Male.| Brodiehouse, Elgin, . | 1800} J. Sowerby, Oxford. 
2,.|Fem.| Havre, . 1825 {be Blainvs and) Paris. 
3.| Male.| Sallenelles, | 1825 Caen. 
umortier an 
4, | Fem. 1835 Van Beneden, Brussels. 
5.| Male.| Brandon Bay, Ireland, 1864 | W. Andrews, . Dublin. 
6.| | Berway, 1866 | Van Beneden, . | Christiania. 
S., Island, 1867 | Agassiz and Allen, Harvard. 
8.| Male.| Skagerak, . .  . | 1869} A. W. Malm, ‘ Goteborg. 
| Male.| Brandon Bay, . | 1870} W. Andrews, 
10. | Fem. | Scotland (?), 1872 | W.Turner, .. cience 
‘Hevringholm Strand, and Art, Edin. 
11, Fem. Jutland, . : 1880 | Reinhardt, . 
12. | Male. ~-Vanholmen, Sweden, | 1881 |] A. H. Malm, 
hiv useum 
13,| Male.| Shetland, . 1881} W. Turner, . edinburgh 


The circumstances under which this animal has been seen have 
not been favourable for the determination of its external characters, 
as, before it has been examined by zoologists, it has either been 
much decomposed or partially or wholly flensed or dismembered. © 
From the several fragmentary descriptions by different naturalists, 
I have compiled the following summary of its external appear- 
ance :— 

Length in adult, 14 to 16 feet. Beak long and slender. Head 
swelling out considerably behind the beak. Body elongated. 
Back dark bluish-grey or slate-coloured, sides lighter, belly whitish. 
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Grey or whitish streaks and spots scattered irregularly on the sides. 
Dorsal fin nearer the tail than the head, falcate posteriorly. A 
dorsal keel in front of tail. No median notch between lobes of 
tail. Flipper small ; both its anterior and posterior borders convex. 
Blowhole semilunar, concave forward, not quite symmetrical. Mouth 
slit straight in front, but concavo-convex further back. A pair of 
furrows converging in front on the under surface of the throat. A 
pair of laterally compressed triangular teeth protruding in the male 
between the lips at the side of the beak ; not visible in the female. 
- Rudimentary functionless teeth present in the = both of the 
upper and lower jaws. | 

Of the thirteen specimens which have been captured, the whole 
of the skull, or a portion only, has been kept in twelve instances; but 
in six specimens only, including the one from Shetland, have the other 
bones of the skeleton been more or less perfectly preserved, viz., in 
the Brussels, Caen, Dublin, Giteborg, and Edinburgh University 
Museums. Only one skeleton has been described and figured in 
detail, viz., the immature female in the Brussels Museum, originally 
by M. Dumortier,* but subsequently and more in detail by M. 
Van Beneden.t Several of the crania have also been figured and 
described, viz., the Oxford, Paris, Caen, and Edinburgh Museum 
of Science and Art specimens ; whilst some facts connected with the 
other bones of the skeleton in the Caen and Giteborg skeletons 
have been recorded by M. Gervais} and the Messrs. Malm.§ 

The animal captured in Shetland was an adult male. All the 
epiphysial plates were fused with the vertebral bodies, and the 
teeth were fully erupted. Three of the lumbar vertebre had 
irregular osseous excrescences on the bodies. One lumbar spine 
had a ridge crossing obliquely about its — as 8 if it had been 
fractured and repaired during life. 

The end of the rostrum of the skull had iia. been 
broken off to the extent probably of 5 or 6 inches, and the anterior 
end of the mandible had also been broken away. Owing to this 
e+ I cannot give the full length of the cranium; but the skull 


* Mem. del Acad. Roy. de Belgique, xii. 1839. 

Mem. Couronnés del Acad. Roy. de Oct., xvi, 1864. 
+ Ostéographie des Cétacés, p. 397. 

§ Opera citata. 
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as it came into my hands was 234} inches long. It is not my 
intention to give a detailed description of the Shetland skull, as 
the cranial characters of this animal have already been recorded at 
considerable length by MM. F. Cuvier, Van Beneden, Gervais, and 
myself. But as these specimens were all females, it may be useful 
to point out some features of difference which it presented, and I 
shall especially compare it with the female skull in the Museum of 
Science and Art, Edinburgh. 

In the first instance, I give a table of comparative measurements 
of the two crania, expressed in feet and inches, 


Skull in* | Shetland, 
Table of Cranial Measurements. 
and Art. | bidens. 
Greatest height of cranium from vertex to pterygoids . 94 10 
Breadth of cranium across middle of superior — of 
orbits 105 
Breadth of cranium between zygomatic processes of 114 11 
uamosals . 2 
Breadth between antorbital notches 73 7} 
Breadth of occipital condyles . 4} 4 
Premaxille, greatest width behind anterior nares . ee 4} 
Premaxill, least width opposite anterior nares 44 4 
Premaxille, greatest width in front of anterior nares . 4 4 
Width of anterior nares 1? 1% 
Mandible, length of ramus ! ‘ 184 184 
Mandible, length of symphysis ; ‘ Of 73+ 
Mandible, greatest vertical height of ramus. : 4% 4 


The cranial sutures were not quite so distinct as in the skull in 
the Museum of Science and Art. The upper borders of the rostral 
portions of the two premaxille were not so much turned inwards, 
and the widest interval between these borders, near the base of the 
beak, was 1,3, inch, and not &th inch, as in that specimen. Instead 
of an open meso-rostral canal, a distinct meso-rostral bone occupied 
but did not entirely fill up the hollow between the premaxilla ; for 
this bone was divided into two not quite symmetrical halves by a 
inesial superior furrow, in which probably an unossified part of the 
meso-rostral cartilage had been lodged. This furrow was bounded 
behind by the anterior end of the mes-ethmoid bone, which extended © 


* These measurements of this skull have already been published in my 


Report on the Bones of the Cetacea collected by H.M.S. ‘‘ Challenger,” 1880. 
t This mandible is imperfect. 
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into the base of the beak for 1? inch beyond the pre-maxillary 
foramen, whilst in the skull in the Museum of Science and Art it 
did not extend more than half an inch. The pre-maxillary foramen 
was immediately in front of the maxillary foramen in both speci- 
mens, and the lateral border of the base of the beak was in both a 
sharp ridge and not grooved. In the Shetland specimen the meso- 
rostral bone was fused both with the vomer and the pre-maxilla, 
though grooves on the surface showed the line of demarcation from 
the premaxille, The meso-rostral bone became attenuated anteriorly, 
and ended in a fine point immediately behind the broken end of the 
beak. In the type skull in the Oxford Museum, if I may judge 
- from a cast of that specimen, the ossification of the meso-rostral 
cartilage had extended very completely for nearly 6 inches in front 
of the mes-ethmoid, and less completely for 3 additional inches. 
The presence of a meso-rostral bone and of large mandibular teeth 
are therefore characteristics of the adult male. The vomer, where it 
appeared mesially on the under surface of the beak, was somewhat 
thicker than in the skull in the Museum of Science and Art. The 
tympanic bones were lost, but the left petrous bone was preserved. 
It closely resembled the petrous bone of Mesoplodon layardi figured : 
by me in the Reports of H.M.S. “ Challenger.” * 

The pair of mandibular teeth projected nearly 2 inches beyond — 
the alveolus. They were triangular and laterally compressed. The 
anterior border sloped very obliquely forward ; the posterior border 
was almost vertical. The surface of the fang was rough, with 
ridges passing obliquely downwards. The crown was smooth, ter- 
minating in a point, and was separated from the fang by a well- 
marked line. Each tooth was partly opposite and partly imme- 
diately behind the posterior end of the elongated symphysis. A 
groove in the alveolar border of the bone passed for 2 inches back- 
wards behind the erupted tooth, and in it rudimentary denticles had 
at one time probably been lodged. 

The discovery by Professor Reinhardt of a row of rudimentary 
functionless teeth on each side of the upper jaw of his specimen of 
Mesoplodon bidens, is of great interest. The New Zealand Meso- 
plodon grayi, mainly on the possession of a row of minute teeth in 
the upper jaw, has been made, by Dr. Von Haast, a new genus, 


* Report on the Bones of Cetacea, pl. i. fig. 5, Zoology, vol. i. 1880. . 
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Oulodon ; but Reinhardt’s observation, as he himself has pointed 
out, shows that this can no longer be regarded as a ground for 
generic distinction between it and Mesoplodon. 

In writing the description of the other bones of the skeleton, I 
have followed the method which I pursued, in framing the account 
of the skeleton of the Mesoplodon layardi for the Reports of H.M.S. 
_ “Challenger,” so that the skeletons of these two animals may now 
be compared with each other. But it must be remembered that 
Layard’s Mesoplodon, though 14 feet in length, was an immature 
animal, whilst the Shetland Sowerby’s whale of the same length was 
an adult male. 


SprinaL Cotumn.—Only 39 vertebree have as yet reached me, 
viz., C,, Dj, L,,, and eleven caudals. In the Brussels skeleton 
there are 46 vertebre, and the formula is C,, Dj, Ly, Cd, In 
_ Professor Malm’s specimen, which was adult, as the epiphyses were 
united with the vertebral bodies, the formula is C,, D,,, Lg, Cdgy = 46 ; 
and in the second Goteborg skeleton, obtained by Dr. A. H. Malm, 
there are also 46 vertebra, but of these only 9 are dorsal vertebra, 
and consequently there are only 9 pairs of ribs. The ribs, there- 
fore, of this whale are either 9 or 10 pairs, and the vertebral for- 
mula is 46, so that seven caudal vertebra are missing in my speci- 
men. In Layard’s Mesoplodon the vertebral formula is 44 or 46, 
and the ribs are either 9 or 10 pairs. | 

The length of the macerated spine—the vertebral bodies being 
placed in apposition—was 9 feet 11 inches. The discs varied from 
half to five-eighths of an inch in thickness, so that 20 inches in 

addition may be allowed for them, and about 8 inches for the 
missing vertebre with their discs, which would make the spine a 
little more than 12 feet long. In the centre of each disc was a dis- 
tinct and relatively large cavity, lined by a smooth synovial-like 
membrane, and containing a deep yellow fluid, which in the discs 
between the larger vertebre might amount to about half an ounce. 
The arrangement resembled what I saw in 1869 in the discs of 
Balenoptera sibbaldii. 

Cervical Vertebre.—The antero-posterior diameter of the cervical 
series of vertebrae was 5} inches. The body, lamina, and spine of 


the axis were completely fused with the corresponding parts of the 
XI, 3M 
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atlas, and formed a massive bone 5} inches in its greatest 
transverse, 5 inches in its greatest dorsi-ventral, and 24 inches 
in its greatest antero-posterior diameter. The transverse pro- 
cesses of these vertebra were not anchylosed with each other. 
_ The transverse process on each side of the atlas was single, but that 
of the axis consisted of a short superior and a longer inferior limb, 
which were not united at their outer ends. The sub-occipital 
groove on the anterior lamina of the atlas was converted into a 
foramen by a bridge of bone. The last five cervicals were all free. 
The bodies of the 3rd, 4th, 5th, and 6th ranged from 2} to 23 
inches in transverse diameter, and measured about half an inch 
antero-posteriorly. In each the superior and inferior limbs of the 
transverse process were separated from each other externally by a 
wide interval, which was also the case in the Brussels skeleton ; but 
as this skeleton was perfectly adult, it may now be stated that no 
foramen exists at the root of the transverse process in the cervical 
vertebre of this animal. The superior limb was a stunted plate ; 
the inferior limb was more elongated ; in the 3rd and 4th vertebre 
it projected slightly backwards; in the 5th and 6th it projected 
downwards and outwards, and in the 6th it was 1} inchlong. In 
the 3rd, 4th, and 5th vertebre, the laminz were not united mesially, — 
so that they had no spines. In the 6tha slender stunted spine was. — 
present ; the 7th had a slender spine 1? inch long; its superior 
transverse process was 14 inch long and pointed, whilst the inferior 
was a mere tubercle. Its body was elongated transversely beyond 
the articular surfaces for the vertebre in front and behind, and on 
each side it had an articular facet 1 inch by # inch for the head of 
the first rib. The fusion of the atlas with the axis, and the free 
condition of the other cervicals, is obviously a character of this 
animal, as it was also seen in the Brussels and in both the Goteborg 
skeletons.* The condylar articular surfaces of the atlas were 
separated below by an interval of ;4,ths inch, whilst in the young 
Layards’ Mesoplodon, the interval was less than ;°,ths inch, 

Dorsal Vertebre.—In this region the bodies increased in size from 
before backwards. The first had a pair of rudimentary tubercles 


* M. Gervais, in his account of Sowerby’s whale in Ostéographie des Cétacés, 
states that the first three cervicals are fused together, but he does not say in 
_ which skeleton this has been seen. | 
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projecting from the inferior surface of the body in series with, but 
_ smaller than, the inferior transverse tubercles of the 7th cervical. 
A mesial ridge appeared on the ventral surface of the 8th dorsal, as 
in the Brussels skeleton, which became stronger in the vertebre 
behind. The lamine and spines were complete in all the dorsals, 
and the spines, as a rule, increased in len gth and massiveness from 
_ before backwards, the Ist being 44 inches and the 10th 84 inches 
long. The spines of the 1st and 2nd were almost vertical, those of 
the rest were inclined backwards. The articular surfaces for the 
heads of the 2nd, 3rd, 4th, 5th, 6th, and 7th ribs were very dis- © 
tinct on the anterior six dorsals at the junction of the pedicle with 
the posterior part of the side of the body. No articular surface for 
the head of the 7th rib was present on the left side of the body of 
the 7th dorsal, but on the right side a small articular facet was situ- 
ated on a slight elevation, in series with the projecting articular 
process for the 8th rib, on the side of the body of the 8th dorsal. 
The anterior seven dorsals had each a strong transverse process, for 
articulation with the tubercle of a corresponding rib, projecting from 
the pedicle close to the anterior zygapophysis. These transverse 
processes projected forwards in the anterior six, and outwards in the 
7th. The long axis of the articular surface on the transverse pro- 
cess was vertical on the Ist and 2nd dorsals, oblique on those 
immediately behind, and horizontally antero-posterior on the 7th. 
No transverse process projected from the side of the neural arch of 
the 8th, 9th, and 10th dorsals, but a transverse process for articula- 
tion with a corresponding rib projected from the side of the body, 
' nearer its anterior than posterior surface. It measured half an inch 
in the 8th, 24 inches in the 9th, and 4 inches in the 10th vertebra. 
Zygapophyses were present as far back as the anterior pair on the 
8th dorsal. A pair of strong metapophyses projected forward from 
the laminz of the 10th, 9th, and 8th dorsals, to overlap the lamin 
of the vertebra immediately in front, and rudimentary metapophyses 
were present on the 7th and 6th dorsals. The 7th dorsal was 
the vertebra of transition. | 

Lumbar Vertebre.—The ten lumbars were almost uniform in 
shape, but increased in size from before backwards ; the body of the 
last lumbar measured 5 inches in its antero-posterior diameter, and 
3°2 in its transverse. The bodies were keeled on the ventral sur- 
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faces. The antero-posterior diameter of each body was markedly 
greater than the transverse. In the more anterior vertebre the 
transverse process was distinctly larger than the width of the body, 
but in the more posterior they were almost equal. The base of this 
process sprang from the anterior half of the side of the body in 
series with the transverse processes of the last dorsals ; the processes 
projected outwards and a little forwards, and the free end was 
convex. The spines were long, laterally compressed and sloped 
slightly backwards. The length of the 10th lumbar spine was 10 
inches. The height of the last lumbar vertebra was 15 inches. A 
pair of broad lamelliform metapophyses projected forwards from the 
anterior border of the laminz close to the root of the spine, but did 
not articulate with the vertebra in front ; from the anterior edge — 
of the lamine of which a pair of much smaller processes projected 
backwards. The neural arches sprang from the centre of the bodies. 

Caudal Vertebre.—Twelve only were present, seven being miss- 
ing. They diminished in size from before backwards. The Ist 
was 14 inches high, and 10 inches between the tips of its trans- 
verse processes. In the anterior three the spines were massive, and 
then rapidly diminished in size to the 11th, in which the spine was 
a slight ridge, and the neural canal admitted only a crow quill. 
The transverse processes were strong in the anterior five, and then 
rapidly diminished in size, so that in the 9th only a faint ridge was 
seen. Metapophyses, which were non-articular, projected forwards 
from the anterior edge of the laminz of the anterior nine, but none 
from the posterior edge. The Ist caudal was transitional in its 
characters between the lumbar and caudal series, for whilst the 
ventral surface of the body was keeled in its anterior two-thirds, it 
was grooved in the posterior third, and possessed an articulation for 
the lst chevron bone. The vertebre behind the first, so far as they 
were present, were grooved ventrally, and on at least nine bodies 
articulations for chevron bones were present. Only six chevron 
bones reached me. No vertical foramen was present in the root of 
a, transverse process. as 

Ribs.—Of the ten pairs of ribs only four pairs were entire, the rest 
had been broken or sawn across. The first was the broadest, and 
measured 12 inches in astraight line. The anterior seven had each a 
head, neck, and tubercle, but in the lst the neck was stunted. The 
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head of the 1st rib articulated with the body of the 7th cervical, its 
tubercle with the transverse process of the lst dorsal. From behind 
forwards the head articulated with the body of the vertebra in front 
of that, with the transverse process of which the tubercle articulated ; 
but whilst the head of the 7th left rib articulated with the body of 
only the 6th dorsal vertebra, that of the 7th right rib. articulated 
with the body of both the 6th and 7th dorsals, The 8th, 9th, and 
10th ribs articulated with the transverse processes of their corre- 
sponding vertebre. 

Hyoid Bone consisted of a body and great cornua anchylosed 
together. It had a well-marked U form, and measured 64 inches 
between the tips of the horns. 

Sternum.—This bone was 194 inches in length oid 62 inches at the 
broadest part, and it diminished in transverse diameter from before 
backwards. The ventral aspect was slightly convex, and with a 
faint mesial keel. Each lateral border was festooned, being most — 
projecting where it articulated with the ribs) The sternum 
consisted of five segments; the 4th and 5th were anchylosed 
together, the others articulated with each other laterally, but in the 
mesial third a rounded aperture of some size was interposed, and this 
aperture also existed between the 4th and 5th segments. This 
sternum corresponded with the first Goteborg skeleton in the anchy- 
losis of these two segments, but differed both from the Brussels 
skeleton, in which they were still separate, and in which the 5th 
was divided into two lateral halves, and from the second Goteborg 
skeleton, in which the sternum possessed only four segments. This 
sternum did not display that marked inequality in the height of the 
opposite sides of the bone seen in the Brussels skeleton. Arti- 
culations for five pairs of ribs were at the lateral borders, one 
on the manubrium and four at the junction of the sternal Seg- 
ments. 

Scapula.—This was a broad triangular plate-like bone, measuring ~ 
8 inches from the glenoid fossa to the vertebral border, and 12} 
Inches from the anterior to the posterior angle. The coracoid process 
was 34 inches long; the acromion was 4 inches long, and 1°7 inch 
wide, being twice as broad as the coracoid. 

Humerus.—The epiphyses of this bone were anchylosed to the 
shaft. The bone was only 5? inches long, and the surfaces of the 


| 
| 
1 


456 Proceedings of the Royal Society 


shaft were flattened. The bones of the forearm and manus have 
not yet reached me. 


3. On Respiration in the Roots of Avicennia officinalis (Linn.) 
and other Shore Plants; with Observations on the 
Functions of the Lenticels. By Joseph Bancroft, M.D. 
Communicated by Professor Balfour, V.P. 


4, (a) Diagnoses Fungorum novorum in Insula Socotra a 
Bayley Balfour, Carolo Cockburn et Alexandro Scott, lec-. 
torum, quas elaboravit Dr. M. C. Cooke. Communicated 
by Dr. Bayley Balfour. | ‘ 


STERIUM RETIRUGUM, Che. : coriaceo-membranaceum, murinum 
pileo effuso e cupulari explanato, confluenté, marginato; ambitu 
pallide fimbriato ; bymenio subvelutino, rcticulato-venoso, muri- 
naceo. | 

Ad ramos. B.C.S. Nos, 1310 (junior), 1341 bis. 


THAMETES SOCOTRANA, Cke., pileo sessili semiorbiculari, tenui, 
coriaceo zonato-sulcato, velutino, albo; contexto, concolore, poris 
magnis dentatis, demum confluentibus, umbrinis. 

Ad truncos. B.C.S. No. 1342. 


(b) Diagnoses Algarum novarum Socotrensium a Bayley Bal- 
four, Carolo Cockburn et Alexandro Scott lectorum, quas 
elaboravit Dr. G. Dickie, F.R.S. | 


MICROTHAMNION BREVIARTIOULATUM, Dickie, ramulis alternis, arti- 
culis diametro a#qualibus vel duplo-longioribus, diam. ‘0002 une. 


Lynoesya scaBrosa, Dickie, ceespitosa, Viridi-nigrescens, trichoma- 


tibus flexuosis, erugineo-ceeruleis, articulis diametro duplo-breviori- 
bus, vaginis scabrosis, achrois, diam. ‘001 unc, 


. 
‘ 
~ 


of Edinburgh, Session 1881-82. 457 


(c) Diagnoses Lichenum Socotrensium novorum a participibus 

- expeditionum Prof. Bayley Balfour et Dr. Schweinfurth 

lectorum, quas elaboravit Dr. J. Miller. Communicated 
by Dr. Bayley Balfour. 


Oss. Diagnoses specierum novarum ampliores et observationes 
varie, enumeratio completa omnium Lichenum a participibus expedi- 
tionum oculatiss. Balfourio (B.C.8.) et Schweinfurthio (Schweinf. ) 
in hac neglectissima insula lectorum mihique benevole submissorum, 
nec non indicatio locorum accurata in Balfourii opere integro cur- 
rente anno edendz sunt. 


OMPHALARIEZ. 


AnEMaA ExicuuM, Mill. Arg.: thallus suborbicularis, 4-3 mm. 

latus, crassus, monocarpicus; apothecia # mm. lata, arcte adnata, 
plana; asci cylindrici, 8-spori; spore globose, diametro 6-9 p 
aequantes.—Calcicola: B.C.S. 


COLLEME., 


SYNECHOBLASTUS FLACCIDUS, Korb. v. SUBNIGRESCENS, Mill. Arg. : 
thallus nudus, margine minus adscendens quam in forma genuina 
europa, minor et distincte sed non crebre subradiatim rugoso- 
plicatus ; spores 22-30 p longer, 6-8 p latee.—Ramulicola: Schweinf. 


SYNECHOBLASTUS FLACOIDUS, Korb, v, LEVIS, Mill. Arg.: thallus 
ut in preecedente sed levis v. obsolete gibboso-rugosus.—Extus S. 
japonicum, Mill. Arg. fere simulat.—Cum precedente ramulicola : 
Schweinf. | 


SYNECHOBLAS:US FLACCIDUS SUBFURVUS Mill. Arg.: lobi adscen- 
dentes et subundulati, parce et leviter plicato-rugosi, plus minusve 
copiose furfuracei—Ramulicola : B.C.S. et Schweinf. 


CALICIEZ. 


Caticrum LevcinuM, Mill. Arg.: thallus lutescenti-albus, sat 
crassus, minute rimulosus, superficie farinulentus; stipites cum 
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capitulis 4 mm. longi, 58-80 yu lati, fusco-nigri, opaci, nonnihil 
fusco-pellucidi, clavatim in capitula 1353° mm. lata abeuntes ; 
capitula fusco-nigra, nuda; spore 6-10 uw longer, 5-6 yp late, bilo- 
culares, atro-fusce,—Lignicolum: B.C.S. 


ROCCELLEZ.. 


Batrouru, Mill. Arg.: thallus candide opaco-albus, 
24-5 cm. altus, suberectus, firmus, lacinis tenuiores teretes, relique 
compresso-teretes, subleves, apice et lateraliter fructigere; apothecia 
primum innata, dein subpodicellato-sessilia et basi constricta, margo 
lecanorinus et crassus, discus albo- v. cesio-velatus, demum denu- 
datus et fumoso-niger ; spore 4-loculares, circ. 23 pw longe, 6-7 p 
latze.—Combeam molluscam simulat.—Saxicola : B.C.S. 


PARMELIEE. 


RaMALINA DEBILIS, Mill Arg.: thallus 34 cm. altus, lacinie in 
sectione anguloso-teretes, 1 mm. late, parce ramose v. simplices, 
crebre foveolato-impresse, flaccide ; spermogonia atra; apothecia 
2-3 mm. lata; spore 14-16 p longe, 34-4 p late, graciliter fusi- 
formes.—Affinis R. testudinarice americanse.—lIn insula Socotra 
lectam misit cl. Egeling. 


RaMALINA DENDRISCOIDES, WVyl. v. MINOR, Mill Arg. : lacinize com- 
presse v. tereti-compresse, humiliores ; apothecia 1-2 mm. lata, in 
ramulis terminalia, plana, demum convexa; spore 12-15 pw longe, 
53-6 p late, recte v. leviter curvule,—Ramulicola: Schweinf. 


RAMALINA DENDRISCOIDES v. NoDULOSA, Mill. Arg. : lacinie circ. 
centimetrales, breviter ramulosz, suberectz, subirregulares, subto- 
ruloso-nodulose et albido-soredioso-tuberculatze.—Saxicola: B.C.S. 


PARMELIA TILIACEA, Ach, v. RIMULOSA, Mill Arg. : thallus adpres- 
sus, glauco-albescens, mox subincrassatus et crebre rimulosus, minute 
et parce isidiophorus et soredia cesio-alba majuscula v. tubercula 
isidioideo-aspera sparsa gerens.—Corticola : B.C.S. 


PaRMELIA CONVEXULA, Miill. Arg. : thalli laciniz exiguz, subcon- 
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tigue, 2-4 mm. longer, #-# mm. late, adpresse, subpinnatifide, 
flavido-cinerascentes, convex, leves et opace, subtus fusco-pallidz 
et brevissime et parce rhizinos®; apothecia ignota.—Affinis P. 
Mougeoti: et P. constrictantt Nyl._—Quartzicola: B.C.S. 


PaRMELIA SCHWEINFURTHIL, Mill. Arg.: habitus ut in P. perlata 
v. ciliata, sed thallus ochroleuco-albescens, subtus atrofuscus, fere 
usque ad marginem sat copiose et longiuscule rhizinoso-crinitus, ad 
ipsos margines longe nigro-ciliatus ; lacinie ad margines isidioso- 
lacinulate ; apothecia podicellata, alte urceolaria, ore conniventia et 
integra, demum 2—1 cm. lata, dorso aspera, discus pallide fuscus ; 
spore octone, 22-25 longe, 12-15 late, valde pachydermee. 
—Ramulicola: Schweinf. 


PHYSCIA OBSCURELLA, Mull. Arg.: similis Ph, adglutinate, sed 
minor, laciniee 4-4 mm. late, discrete, adplanate, adpressx, obscure 
olivaceo-virentes ; apothecia valde minuta, hypothecium hyalinum ; 
spore 12-15 p longer, 7-8 p lata. Inter Ph. afixam Nyl. et Ph. 
disjunctam Krplh, quasi medium tenens.—Quartzicola: Schweinf. 


PHYSCIA OBSCURELLA, Mill. Arg. v. Fusca, Mill. Arg.: thallus 
olivaceo-fuscus.—Cyim forma genuina crescens : Schweinf. 


Payscia ENDOPYXINEA, Miill. Arg. : similis var. acrite Ph. stel- 
laris, sed hypothecium fusco-atrum et apothecia crassius marginata. 
Spore ut in Ph. picta, ubi lamina multo altior et ——— 
B.C.S. 


PLACODIE.. 


BuLLatuM, Mill. Arg.: Lecanoram atram aut. Phy- 
sciam cegialitam simulans, sed thallus ambitu demum distincte eff- 
guratus et spore simplices, hyaline, 10-12 p longe, 5-8 p. latee ; 
apothecia crasse albido-marginata.—Graniticola : B.S.C. 


AMPHILOMA DEPLANATUM, Mill. Arg.: thallus forma et magni- 
tudine ut in A. callopismate Mass., sed totus miniato-fulvus, laciniz 
tenuiores, magis adpresse, undique equaliter confluentes et magis 


adplanate, undique concolores; spore 12 pw longe, 7 p late ; 
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apothecia quam in comparata specie paullo minora, magis innato- 
adpressa et discus cum margine concolor.—Calcicola : B.C.S. 


Ampnitoma Batrourt, Mill. Arg.: thallus orbicularis, }-1 cm. 
latus, medio simpliciter areolatus, margine late radiatim applanato- 
laciniatus, aurantiaco-fulvus v. vitellino-fulvus, levis ; spore 12-14 


longe, 6-7 late, medio ventricosx, utrinque obtuse acutatee. 
Calcicola: B.C.S. 


AMPHILOMA GRANULIFERUM, Mill. Avg.: thallus vix 1 cm. latus, 
- miniato-fulvus, medio late areolato-diffractus, margine applanato- 
radians, laciniz et presertim margines areolarum tuberculis grani- 
formibus acute prominentibus exiguis concoloribus ornate, apothecia 
ignota.—Graniticola : Schweinf. 


AMPHILOMA GRANULIFERUM v. SUBVITELLINUM, Mull. Arg. : thallus 
e fulvo vitellinus —Cum forma genuina: Schweinf. 


PSOREZ. 


Pyxine convexa, Mill. Arg.: thallus ut in P. cocoes, levis et 
intus similiter albus, sed lacinie undique convexule, nec ultime 
plano-concave, apothecia tenuius marginata, demum convexa et 
subimmarginata, e nigrescente caxsio-pruinosa ; spore ut in com- 
parata specie. —Ramulicola : B.C.S. 


LECANORE. 


Lecanora NoTHA, Mill. Arg.: similis L. atre, sed thalli areole 
leviter rugulose, magis flavo-cinerascentes, lamina (omnino alia) 
hyalino-virescens, epithecium eruginoso-nigricans et spore tantum 
8-10 longe, 7-8 latee.—Graniticola: Schweinf. 


LEcANORA socoTRANA, Muill. Avg. : thallus albido-flavicans v. sul- 
phurescens v. decolorato-albescens, limitatus, crassiusculus, tenuiter 
rimulosus, levis, nudus, intus e flavescenti albus; apothecia 1-14. 
mm. lata, adpresso-sessilia, margo integer, cum thallo concolor, 
discus planus v. leviter convexus, fuscescenti-carneus v. subgilvus ; 
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spore 9-11 longe, 5-54 late.—Ad LZ. orosteam accedens,— 
Quartzicola, frequens: B.C.S. et Schweinf. 


LECANORA SOCOTRANA /j. LIVIDO-NIGRICANS, Mill, Arg.: discus 
 apotheciorum e fuscescente livido-nigricans.—Cum forma genuina 
speciei: B.C.S. 


RINODINA SUBSTELLUI.ATA, Mill. Arg.: thallus obscure cinereus, 
tenuis, areolato-rimosus, areole contigue, plane, leves, opace ; 
apothecia adpressa, 2-4 mm. lata, plana, margo lecanorinus, demum 
fere lecideinus, discus madefactus et junior fuscus; hypothecium 
hyalinum ; spore 15-20 p longe, 9-11 yp late, 2-loculares, fusce. 
—Quodammodo Buelliam stellulatam simulans. —Quartzicola : 
Schweinf. 


RINODINA GRANULARIS, Mill Arg.: thallus crebre granulari-sub- 
areolatus, albidus, areole valde exigue, angulose, convexe, leves, 
centro monocarpice ; apothecia 4-1 mm. tantum lata, immersa, 
vertice haud emergentia et ipsa areola late albido-marginata, discus 
fuscus; hypothecium e fuscescente demum hyalinum; spore 
octone, 11-12 longer, 5-6 p late, biloculares et fuscee.—Valde 
minutula, primo intuitu crustam sterilem granularem simulans,— 


PERTUSARIA ‘SCcHIzosToMA, Mull. Arg. : thallus albescenti-flavus, 
continuus, minute rugulosus, undique minutissime ulcerato-puncti- 
culatus, verrucee 14-14 mm. late, hemisphzrice, gibboso-irregulares, 
vertice depress, 5-7-carpice, ostiola e punctiformi oblongata ; spore 
geminatz, 130-190 longe, 50-89 late, intus valide costulate,— 
Ramulicola: B.C.S. 


PERTUSARIA SUBFLAVENS, Mill. Arg.: thallus sulphureo-flavens, 
tenuis, rugulosus, verruce hemispherice, sat regulares, monocarpice, 
1 mm. late, opace, ostiola haud emergentia, cum thallo concoloria, 
demum obscure carnea ; spore in ascis 2 v. rarius 1, 110-130 p 
long, 55 late.—Ramulicola: Schweinf. 


Pertusakia orcatricosa, Mill. Arg. : eadem est ac P, communis 
v. neo caledonica Nyl.: thallus flavescenti-albidus, rugulosus; ver- 
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ruce 1-3-carpice, hemispheric, gibboso-subirregulares, ostiolum 
pallidum, tarde nigrescens, modice depressum, asci (1-) 2-spori ; 
spore 110-160 longe, 45-60 late, intus valide subreticulatim 
costatz.—Ramulicola: B.C.S. et Schweinf. 


PERTUSARIA SOCOTRANA, Mull, Arg. : thallus pallide cinereo-flavus, 
tartareus, rimoso-areolatus, areole planiuscule, gibboso-inequales, 
ceterum leves, verruce 1-14 mm. late, hemispherice, regulares, 
v. ostiolis mammoso-gibbose, 2-5 carpice ; ostiola pallida, subclausa, 
impressa, demum mammoso-prominentia ; asci 4-spori; spore 45-80 
p longs, circ. duplo longiores quam late.—Ad saxa et calcarea 
et granitica vulgatissima : B.C.S. et Schweinf. 


PERTUSARIA XANTHOLEUCA, Mill. Arg.: thallus ochroleucus, 
rimosus, areole plane v. concaviuscule, verruce innate, lecano- 
roides, mm. late, albe, monocarpice, discus late apertus, 
nigrescens, crasse albo-velatus, subplanus; asci l-spori; spore 
100-130 longe et 53-60 latz.—Graniticola: Schweinf. 


LECIDEE. 


BLASTENIA ALBIDO-C@ERULESCENS, Muill. Arg.: thallus cinereo- 
albidus, discreto-areolatus, areole angulose, plan, levigate, in. 
hypothallo coerulescente sparse ; apothecia vix 4 mm. lata, plani- 
uscula, nigro-marginata, discus rufus v. ferrugineo-fuscus, spore 
orculiformes 11-13 longe, 6-7 late.—Affinis B. poliotere, que 

ibidem etiam obvia.—Ad saxa quartzosa: B.C.S. ) 


BLASTENIA CRETACEA, Mill. Arg.: thallus cretaceo-albus, farinu- 
lentus, tenuis; apothecia $-4 mm. lata, prominenter nigro-marginata, 
discus planus et rufo-nigricans, nudus; epithecium ccerulescens, 
spore orculiformes 9-10 longe, 5-6 late.—Affinis aegyptiace 
B. melanocarpe Mill. Arg.—Calcicola: B.C.S.. 


BLASTENIA VARIABILIS, Mill. Arg.: thallus flavescenti-cinereus, 
continuus et levis; apothecia 2-4 mm. lata, primum lete fulva et 
margine crasso concolore cincta, mox fuscescentia st margine 
tenuiore nigrescente predita, demum fusca et tenuissime nigro. 


| 
« 
‘ 


of Edinburgh, Session 1881-82. 463 


marginata ; spore orculiformes 12-14 » longs, 6-8 pw late.—Ad 
saxa granitica: B.C.S. et Schweinf. 


(sect. Biatora) contractua, Mill. Arg. : thallus cinereo- 
flavicans, continuus, leviter rugulosus ; apothecia vulgo in depres- 
sionibus leviusculis thalli sita, subinnato-adpressa, obscure fusca et 
plana, madefacta fusca, convexa et immarginata, lamina 55 p alta, 
apice olivascens, ceterum cum hypothecio hyalina, paraphyses — 
liberze ; sporse octone, 9 longe, 5 latee.—Quartzicola: Schweinf. 


Leocipga (sect. Biatora) PLUMBEELLA, Mill. Arg.: thallus pallide 
virenti-plumbeus, continuus, levigatus; apothecia innata, haud 
emergentia, discus }-2 mm. latus, concaviusculus, fusco-nigricans, 
epithecium fuscescens, lamina cum hypothecio hyalina, circ. 100 » 
alta; spore 9-11 longe, 44-6 latee.—Brasiliensi im- 
presse Krplh. affinis—Ad saxa granitica: Schweinf. — 


PaTELLARIA (sect. Biatorina) opruscata, Mill, Arg.: thallus 
obscure rufescenti-fuscus, tartareo-leprosus, rimoso-areolatus ; apo- 
thecia } mm, lata, plana, margo primum cum thallo concolor, mox 
nigrifactus, integer, discus niger, planus, opacus; epithecium 
fuscum, lamina cum hypothecio hyalina; paraphyses sat libere ; 
spore octon», 18 » longs, 24 late, 2-loculares, valide bacillares. 
—Juxta P. lenticularem locanda.—Graniticola : B.C.S. 


Patettaria (sect. Catillaria) sicmorpga, Mill Arg.: thallus 
tenuiter tartareus, demum rimoso-areolatus, lacteo-albus, hinc inde 
hypothallo perspicuo ccerulescens; apothecia nigra, intus inferne 
atro-grisea, 1 mm. lata, demum convexa et tenuiter marginata ; 
epithecium aeruginoso-atrum, lamina vinoso-fuscescens, hypothe- 
clum crassum, atrofuscum ; spore 2-loculares, fusiformi-ellipsoidez, 
utrinque acutatze et sigmoideo-curvate,—Ad saxa granitica: B.C.S. 


(sect. Raphiospora) pEcussata, Mill. Arg.: thallus 
tenuis et depauperatus, minute leproso-granularis, argillaceus, lineis 
nigris hypothallinis peragratus; gonidia glomerulosa; apothecia 
1-3 mm. lata, atra, crasse et prominenter nigro-marginata, discus 
planus ; epithecium virenti-nigrescens, hypothecium inferne fusces- 
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cens, paraphyses capillares, tantum 1-1} mw crasse ; spore octone, 
55 longer, 4 late, 11-15-loculares, aciculari-fusiformes, — 
Calcicola: B.C.S. 


BUELLIA PARASEMA, Korb, v. opLoNGATA, Mill. Arg.: thallus cum 
fibris ligni mixtus maculam albidam levigatam formans, apothecia 
nonnulla orbicularia, 4 mm. lata, reliqua numerosiora triente longiora 
quam lata v. longiora; spore 14-16 p» longs, 74-83 latee.—Ad 
ramulos decorticatos : Schweinf. 


PARASEMA, Korb. v. SUBERUGINOSA, Mull. Arg.: thallus 
albicans, rugoso-areolatus, apothecia obsolete v. leviuscule eeruginoso- 


— —Ramulicola : Schweinf. 


BUELLIA PARASEMA, Korb, v. conToRTA, Mill. Arg.: thallus crassus, 
subrugoso-areolatus, demum ochraceo-cinereus ; apotheciorum margo 
valde contortus, discus xruginascens.—Ramulicola : B.C.S. 


BUELLIA BRACHYSPORA, Mill. Arg. : apothecia parasitica, super- 
ficialia, 1-4 mm. lata, tota nigra, subdepresso-plana, prominenter 
marginata, margo nitidulus, discus planus et nudus, opacus ; epithe- 
cium fuscum, lamina hyalina, hypothecium superne hyalinum, 
ceterum profunde atrofuscum ; spore 7-9 pu longe, 44-64 wu late, 
in ascis circ. 6.—In thallo Buellice annate : Schweinf. 


BUELLIA ALBINEA, Mill. Arg.: omnia ut in B. stellulata v. proto- 
thallina, sed areole candide albz, 2-3-plo majores, hinc inde 
contigue, angulose, rimis atris segregate ; apothecia primum albo- 
marginata, dein crebre diplotommoideo-crenulata, mox nigra, hypo- 
thecium hyalinescens; spore 9 longw, 5 late.—Ad saxa 
-quartzosa: B.C.S. 


Levorna, Mill. Arg.: thallus tenuiter tartareus, levi- 
gatus, albus, rimoso-areolatus, areole majuscule, 1-3-carpice, fissuris 
nigris separate ; apothecia innata, primum margine accessorio albo- 
pulverulento crenato cincta, dein nuda et e superficie thalli leviter 
emergentia, tota concoloria, extus intusque nigra, tenuiter nano- 
marginata; epithecium late atrofuscum, lamina vitreo-hyalina, hypo- 
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thecium infere late fuscum ; spore 12 pu longs, 6 p late.—Ad saxa 
quartzosa : B.C.S. 


BUELLIA suBSTIGMATEA, Mill. Arg.: thallus tenuissimus, con- 
tinuus, levis, olivaceo-virens, demum subrimoso-areolatus ; apothecia 
arcte sessilia, -} mm. lata, plana, prominenter marginata, nigra ; 
epithecium fuscum, lamina hyalina, hypothecium hyalino-subfuscum; 
spore octone, 10-13 longe, 7-8 latw—Ad saxa granitica: 
B.C.S. | | 


BUELIIA SUBSTIGMATEA, Mull. Arg. v. opruscata, Mull. Arg. 


thallus magis distincte rimoso-areolatus et olivaceo-fuscus.—Ibidem : 
B.C.S. 


innata, Mill. Arg. : thallus tenuiter tartareus, argillaceo- 
albidus, continuus, mox quoad partem superficialem rimoso-areolatus, 
areole contiguse, plane, leves, opace; apothecia immersa, atra, . 
obsolete nigro-marginata, evoluta 1-2 mm. lata, discus leviter con- 
cavus ; epithecium et hypothecium atro-fusca, lamina hyalina; spore 
w longe, 54-64 late.—Ad saxa granitica: Schweinf. 


GRAPHIDE. 


DiRINA CINEREA, Mill. Arg.: thallus cinereus v. flavescenti- 
cinereus, madefactus virens, intus argillaceo-pallidus et e flavescente 
et cinnabarino variegatus ; apothecia et spore ut in D. repanda, 
sed margo tenuior demumque subaurantiacus.—Calicicola : B.C.S. 


CINEREA, Mill. Arg. f. thallus sorediis circ. 
1 mm. latis demum granuloso-efflorescentibus ornatus.—Cum planta 
genuina speciei: B.C.S. 


Dirina immeERsA, Mill. Arg.: thallus tartareus, tenuis, levis et 
continuus v. demum obsolete rimulosus, ccerulescenti-cinereus v. 
incanus ; apothecia immersa et prominentia thallina circulari cincta, 
14 mm. lata, demum vix distincte emergentia, discus planus, cinereo- 
pruinosus ; spore octone, 18-19 longe, 6-8 late, 4-loculares.— 
Calcicola: B.C.S. 
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Dirina imMERSA, Mill. Arg. f. sonspiaTa, Mill. Arg.: thallus 
sterilis, minute sorediosus.—Cum forma genuina speciei, calcicola : 
B.C.S. 


OPEGRAPHA (sect. Lecanactis) vesTiTa, Mill. Arg.: thallus albus, 
tenuis, levigatus, nitidulus; apothecia primum orbicularia, dein 
1-14 mm. longa et varie oblongata, simplicia v. altero latere 
uniramea, sessilia, late adnata, primum undique crasse thallino- 
vestita, margines proprii lecideini dein emergentes et minus conni- 
ventes, discus crasse albido-pruinosus; spore octone, 20-28 pu 
longer, 6-7 late, fusiformes, 8-loculares.—Lignicola: B.C.S. 


OprcraPHa (sect. Lecanactis) ELEGANS, Mull. Arg.: similis O. 
lyncee, a qua differt thallo albiore, apotheciis multo gracilioribus | 
et sporis brevioribus, 18-27 w longis, absque halone 4 u latis, 7-8 
septatis.—Lignicola: B. C. S. 


OprcraPHa (sect. Lecanactis) suBcaLcaREA, Mull: Arg. : thallus. 
tartareus, crassiusculus, continuus et levigatus, virescenti-albus, 
intus cretaceo-albus; apothecia 4 mm. lata et regulariter orbicu- 
laria, demum radiatim abbreviato 2—3-ramulosa, omnino immersa, 
cesio-pruinosa, demum nigricantia; spore 20-25 p longr, 5 
lates, dactyloidex, 4—6-loculares.—Calcicola : B.C.S. 


OprcraPHA (sect. Lecanactis) onetacea, Mill. Arg.: thallus 
crassiusculus, supra subfarinosus, continuus, junior levigatus, 
cretaceo-albus ; apothecia primum innata, orbicularia, pruinosa, 
dein subinnato-sessilia, mox angulosa et reniformia v. abbreviatim 
lobulata, discus planus, cesio-velatus, margo acute prominens et 
niger, latere extus albo-farinulentus; spore 30-34 longs, 4-5 p 
late, ‘dactyloidex, 7-9 septate.—Calcicola : B.C.S. 


OprcraPHa Dracznarvm, Mill. Ar. :g thallus tenuis, albus, levis, 
demum rugulosus ; apothecia ¢ mm. lata, pluries longiora quam 
lata, elongata et varie flexuoso-curvata, primum plane innata, thallo 
tecia, demum denudata, sed non emersa, atra, opaca, rima angusta 
depressa albo-pruinosa, demum atrata, margines angusti haud 
sulcati ; hypothecium fuscum ; spore 15 » longe, 4 p» late, fusi- 
formes, 4—5-loculares.—In ramis Dracenarum : Schweinf 
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OPEGRAPHA MicRospoRA, Mull. Arg.: thallus fiavescenti-albus, 
subtenuis, levigatus et continuus (demum evanescens) ; apothecia 
semi-immersa, dein superficialia, } mm. lata, demum 2 mm. longa, 
subsimplicia, evoluta late aperta, discus albo-pruinosus, demum 
denudato-niger ; spore 11-13 pw longer, 3-34 p late, 3-5-septatee.— 
Corticola: B.C.S. 


OPEGRAPHA SORORIELLA, Mill. Arg. : thallus tenuissimus, indeter- 
minatus, argillaceo-albus, levis, subfarinulentus ; apothecia sessilia, 
14-24 mm. longa, 3; mm. lata, linearia, arcuato-curvata, simplicia 
v. 3—4-radiata, pro latitudine sat elata, undique nigra et opaca, 
nuda, margines arcte conniventes, discus angustus, niger ; spore 16 
p longe, 6 pw late, 4-loculares, late dactyloides.—Ramulicola : 
B.C.S. | 


MELASPILEA STIGMATEA, Mill. Arg.: apothecia in thallo alieno 
immersa, nonnisi matgine tenuissimo nigro-fusco leviter emergentia, 
orbicularia v. orbiculari-elliptica, ;4,-} mm. longa, plana, nuda, 
fusco-nigra, opaca; margo subtus continuus, tenuis ; spore evolute — 
pallide fuscee, ovoider, 12-14 mw longer, 7-8 p late, inequaliter 
3-loculares, sc. bilocularium loculus inferior paullo longior et 
angustior mox ipse transversim divisus.—In thallo Dirine repande : 
B.C.S. 


GRAPHIS BRACHYCARPA, JM/iill. Arg.: thallus ccerulescenti-albus, 
tenuis, levis et continuus ; lirelle breves, 4-3 v. sepe 1 mm. 
long, sepius 2-3-plo longiores quam latz, emerse, rigide, rectz 
subrecta, lateraliter altiuscule thallino-vestite, rima angusta, 
perithecium basi deficiens, discus niger subocclusus; spore 8-ne, 
20-27 p longe, 7-84 p late, 9-loculares.—Ramulicola : Schweinf. 


GrapHis inustTA, Ach. v. RADIANS, Mill, Arg.: apothecia mediocria, 
stellato-radiantia, radii semel v. bis dichotome divisi, ramuli acuti.— 
Ramulicola : Schweinf. 


GrapHina Batrourn, Mill. Arg.: thallus giganteus, crassus, 
corticiiformis, 2-3 v. hinc inde usque 5 mm. crassus, abrupte 
limitatus, continuus et levis, argillaceo-nigricans v. pallidior, intus 


pallidior ; apothecia 8-12 mm. longa, radiatim divisa, immersa et 
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crassiuscule thallino-tecta, labia thallina tegenti conniventia, discus 
madefactus rufo-fuscus, perithecium inferne deficiens ; asci 1-spori ; 
spore 190 longer, 50-60 late, utrinque obtuse, copiosissime 
parenchymatice divisz, locelli in quaque serie transversali 8-12.— 
Species valde insignis.—Truncicola: B.C.S. 


-Grapuina varians, Mull. Arg. : thallus tenuis, albus v. albescens, 
sublevis, obsolete farinosus ; lirellee oblongato-ellipsoidex, mm. 
late, 14-3-plo longiores quam late, evolute emerso-sessiles, 
lateraliter spurie thallodice vestite, demum denudate, rimoso- 
aperte, margines tumidi nigri, discus albo-pruinosus, demum 
denudatus, angustus ; perithecium subtus deficiens ; spore octone, 
23-26 pu longs, 8 pu late, 8-loculares, loculi transversim 2-3 locellati. 
—Fere Opegrpham variam simulans,—In truncis Dracene: 
Schweinf. 


Dioryema socoTRanum, Mull. Arg.; thallus tenuis, e pallido- 
argillaceo albus, continuus, levis, subpulverulentus ; apothecia 
thalli labiis emergentibus et conniventibus recepta, 4 mm. longa, 
sepius triente longiora quam lata, simplicia, elliptica, perithecium 
deficiens, discus latus, planus, carneus, cinereo-pruinosus ; asci 2-6- 
-spori, spore hyaline, 27-40 longe, 13-16 pw late, loculi 6-10 
parenchymatici.—Corticola : B.C.S. 


ArtHonia caLospora, Mill. Arg.: thallus albus, subtenuis, 
leviusculus, circa apothecia tumidus; apothecia 4-1 mm. lata, 
orbicularia, angulosa, convexo-plana, atra, opaca, madefacta nigro- 
fusca; asci 8-spori, spore 50-60 pw longe, 18-20 p late, vulgo 
incurv#, 10-12-loculares, loculi subseequilongii—Ramicola: B.C.S. 


ARTHONIA COoMPLANATULA, Mill. Arg.: thallus hypophloeodes ; 
apothecia 4-1 mm. lata, orbicularia v. leviter angulosa, deplanata, 
atra, opaca, intus concoloria, juniora griseo-velata; spore 8-na, 
10-12 longs, 4-5 pw late, 4-loculares, superior reliquis 
haud major.—Corticola : B.C.S. 


ARTHOTHELIUM LEUCOcARPUM, Mill. Arg. : thallus albus, crassius- 
culus, rugulosus ; apothecia hemispherica, subregularia, $-1 mm. 
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lata, tota extus intusque alba, albo-farinosa ; spore octonz, 75 pu 


long, 18 late, 8-loculares, loculi semel v. bis cruciatim divisi.— 
B.C.S. 


EMERSUM, Mill. Arg. : thallus albus, tenuissimus, 
levis, subfarinulentus ; apothecia 4-2 mm. longa, orbicularia v. 
dimidio longiora quam lata, atra, nuda, depresso-convexa ; spore 
octone, 15-17 p longer, 7 -9 p late, ovoideo-fusiformes, 6-loculares, 
loculi nonnulli longitrorsum semel divisii—Truncicolum : B.C.S.. 


ENTEROGRAPHA AFFINIS, Mull, Arg.: thallus tenuiter tartareus, 
gleboso-inzequalis, argillaceo-cinereus ; apothecia immersa, ore orbi- 
cularia v. elliptica v. irregulariter angulosa, plana, nuda, atra, 
madefacta atro-fusca, circ. $5§ mm. lata; perithecium tenuissimum, 
olivaceofuscum, basi deficiens; lamina undique hyalina; spore 


8-nx, 20-23 longer, 4-5 late absque 6-loculares.— 


Corticola : B.C. 


ENTEROGRAPHA LACTEA, Mill. Arg. : thallus cum verrucis apothe- 
cligeris lacteo-albus, tenuis, polito-levigatus, nitidulus; verruce 
4 mm. late, orbiculares, obtuse angulosa, leviter convexe; apothecia 


sparsa, haud emergentia, ;1,—,4, mm. lata, regulariter orbicularia, © 


nigra, nuda; perithecium lateraliter tenuissimum, fuscum, basi 
deficiens ; spore 8-nx, 23-28 p longer, 4 p late (sc. absque halone), 
8-10-loculares, loculi subequilongi.—Corticola: B.C.S. 


ENTEROGRAPHA FRATEROULANS, Mill. Arg.: thallus crassiusculus, 
leviter albo-flavicans, verruce thalline subirregulariter orbiculares, 
depresso-hemispherice ; apothecia in centro verrucarum conferta, 
zo mm. lata, immersa et leviter depressa, demum magis sensu 
radiali verrucarum oblongata, pro parte confluentia, fusca, nonnihil 


cinereo-pruinosa, perithecium tenue, fuscum, basi deficiens ; spore | 
8-nx, dactyloides, 24-27 longer, 6-8 latw, 3-septatee.—Corti- 


cola: B.C.S. 


Minxsia, Mull. Arg. gen. nov. 


Thallus crustaceus, areolatus, areole demum pro parte verruci- 
formes et fertiles, gonidia chroolepoidea ; apothecia in verrucis 
thallinis sita, gymnocarpica, perithecium simplex, proprium, immer- 
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sum, completum, basi crassius, epithecium distinctum, paraphyses 
connexes, spore hyaline, parenchymatice.—Ab Enterographa et 
Chiodectone differt sporis parenchymaticis, Genus clarissimo de 
anatomia et morphologia Lichenum meritissimo Doctori Minks — 
grato animo dicatum est. 


MInKSIA CHSIELLA, Mill. Arg.: thallus cinereus v. cinereo-albus, 
crassiusculus, levis, dein rimosus aut diffractus et pulverulentus ; 
apothecia orbicularia et irregulariter elliptica, 4-4} mm. lata aut 
minora, plana, cesio-velata, demum atra et convexula ; perithecium 
integrum, fuscum, basi paullo crassius ; spore 20-28 p» longer, 64-7 
p lates, (6-) 8-loculares, loculi intermedii nonnulli longitrorum semel 
divisi.—Corticola: B.C.S. 


MINKSIA OANDIDA, Mill. Arg. : thallus albus, depresso-verrucosus ; 
apothecia oblonga, sigmoideo-curvata, depressa et semper albido- 
pruinosa ; spore ut in preecedente.—Corticola : B.C.S. 


CHIODECTON NANUM, Miill. Arg.: thallus albus, crassiusculus, 
levigatus ; apothecia subseriatim disposita, immersa, extus punc- 
tulis depressis fumoso-nigricantibus tantum mm. latis dis- 
tincta, demum fere astroideo-confluentia, tota in sectione verticali 
fere 4 mm. lata, basi profunde conico-angustata; spore 8-na, 
fusiformes, 21-24 p longs, 5 late, 5-7-septate, loculi equales.— 
In ramis Dracene : Schweinf. 


CHIODECTON Mill. Arg. : thallus a1gillaceo-virens, 
lineis nigris crebre decussatus, tenuis, levis ; apothecia in verrucis 
convexis mediocribus conferta, orbicularia v. oblongata, depressa, 
pruinosa, mox denudata, }-} mm. lata, a thallo circumscisso-libera, 
perithecium lateraliter tenue, basi valde incrassatum ; spore 8-ne, 
36 longer, 5 p latw, 9-12-loculares.—Corticola : B.C.S. 


CHIODECTON socoTRANUM, Mull. Arg.: thallus tartareus, albus, 
demum areolato-rimosus, farinulentus, verruce fertiles albo-virentes, 
thallo leviores, depresso-hemispherice, parum emerse, 1-5-carpice ; 
—ostiola punctiformia, nigra, astroideo-subconfiuentia, perithecium 
lateraliter tenue ; spore 23-2* longe, 54-64 3-septate.— 
Caleicolum : B, 
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VERRUCARIE/, 


VERRUCARIA RUPESTRIS, Schrad. v. aLocizoipEs, Mill. Arg. : thalli 
plagule irregulariter anguloso-orbiculares, vix 4 cm. late, varie 
confluentes, linea nigra cincte et thallum collectivum crebre 
geographicum formantes. Spore 18-24 longe, 11-15 p late.— 
Calcicola: B.C.S. 


VERRUCARIA PROMINENS, Mill. Arg.: thallus tenuis, continuus, 
levis, olivaceo-virens ; apothecia 1-7 mm. lata, elato-semiglobosa, basi 
truncata, nigra, scabridula, primum thallo leviter velata, mox promi- 
nenti-emersa et nuda, vertice rotundato-obtuso integra, perithecium 
integrum sed basi attenuatum ; paraphyses molliuscule, superne 
clavate et ibidem 3 p late, septate ; spore 8-nxe, oblongato-ovoidess 
v. ellipsoidese, 15-21 longer, 7-8 late.—Graniticola: B.C.S. 


MIcroGLana saxicoLa, Mill. Arg, : similis M. Wallrothiane, sed 
thallus subfusco-olivaceus, mox rimoso-diffractus, verruce thallinsz 
paullo minores, circa ostiolum fuscum minus cinerascentes, spore 
ambitu angustiores, 28-33 w longe, 9-11 yp late, transversim 
7-9-septate, loculi longitrorsum 2-4-divisi.—Graniticola: Schweinf, 


PY RENULE. 


Pyrenuta opscurata, Mill. Arg.: thallus subcartilagineus, 
olivaceo-fuscus, superficie undulato-inequalis ; apothecia sparsa, 
omnino immersa, obtecta, demum vertice denudata ; perithecium 
integrum, globosum, crassum, basi incrassatum, 79, mm. latum ; 
paraphyses capillares, asci cylindrici, 8-spori; spore 23 longa, 
10-12 late, 4-loculares, fusce.—Corticola: B.C.S. 


Potysiastia TROPICA, Mill. Arg.: thallus hypophloeodes ; apo- 
thecia depresso-hemispherica, mm. lata, mm. alta, superne 
nitidula, perithecium dimidiatum, basi incurvatum et simul ex- 
trorsum attenuatum ; asci 3-4-spori ; spore hyaline, 25-28 u longa, 
10 p» late, 6-8-loculares, loculi 2-4-locellati.—Ramulicola: B.C.S. 


BaTHELIUM PAUPERRIMUM, Mull. Arg.: thallus hypophloeodes, 
perithecia epidermide tecta, demum vertice paullo denudata, solitaria 
Vv. pauca confluentia et tum stroma minutulum fusco-nigricans 
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distincte sed leviter prominens formantia, dimidiata, depresso-hemi- 
spherica, 4-2 mm. lata, basi autem in sectione ;°) mm. lata ; para- 
physes tenues, laxe clathratim ramose ; spore in ascis 2—8-na, 
hyaline, 25 longer, 4-10 p late, 4-5-septate, loculi 1-3-locellati. 
—Ramulicolcvm: B.C.S. et Schweinf. 


BatHEtium vetatum, Mill. Arg., thallus vix nisi hyphemoideus 
circa perithecia; stromata suborbicularia, 14-2 mm. lata, depresso- 
hemispherica, vertice velata; perithecia immersa, dimidiata, basi 
inflexa ; paraphyses connex, spore in ascis 1-8, hyaline, 25-38 
longe, 10-15 late, 6-8-loculares, loculi 2-3-locellati.—Corti- 
—colum : B.O.S. 


There was laid on the table a Note on the Constitution of | 
the Lines forming the Low Temperature Spectrum of Oxygen, 
by Professor Piazzi Smyth, Astronomer Royal for Scotland. 


Monday, 6th February 1882. 
PROFESSOR BALFOUR, Vice-President, in the Chair. 


The following Communications were read :-— 


1. On the Colour of the Mediterranean and other Waters. 
| By Mr. John Aitken. 


(Abstract. ) 


The investigation was at first undertaken with a view of determin- 
ing how the blue colour of the water of the Mediterranean is 
produced, and of finding the explanation of the different colour 
phenomena seen in that sea. The investigation was afterwards 
extended to other waters. | 

The experiments were made with a special view of determining 
whether the selective reflection or the selective absorption theory 
gave the correct explanation of the blueness seen in water. 
According to the selective reflection theory the colour is due to 
the light reflected by extremely small particles of matter suspended 
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in the water. These particles being so small they can reflect 
only the short waves of light, or those which belong to the 
blue end of the spectrum. The other theory explains the colour 
by supposing that water has a selective absorption for the rays of 
the red end of the spectrum—that water is in fact a blue trans- 
parent medium. 

Three different methods were adopted of testing the correctness 
of these rival theories, and all three proved the water of the 
Mediterranean to be blue by selective absorption, and show that 
light in passing through the water has the rays of the red end of 
the spectrum absorbed, and only those of the blue end transmitted. 

The first method tried was to find out what is the colour of the 
illumination of submerged objects. This was done by taking along | 
metal tube, closed at the end with a glass plate, and sinking it 
vertically in the water, and looking through it at white and different 
coloured objects fixed near the end of the tube. When this was 
done, it was found that a white object appeared of a most beautiful 
deep and delicate blue at a depth of 6 m. If the selective reflec- 
tion theory was true, submerged objects would be illuminated with 
- a colour complimentary to that reflected by the fine particles, and 
would therefore appear orange or yellow, the exact colour depending 
on the amount of green in the reflected blue. : 

If the blue colour of the sky, as generally supposed, is due to 
the reflection of the blue rays by small particles of matter suspended 
in the air, it obviously follows that light in passing through our 
atmosphere must become of a colour complimentary to the blue of 
the sky ; and it is asked, may not this be one of the reasons why 
the sun when near the horizon, and all artificial lights when seen 
at a great distance, appear more or less yellow? 

_ The second method of experimenting was by looking at a white — 

surface through a considerable length of water contained in a 
blackened tube. The light transmitted was found to be blue, 
thus showing the water to have a selective absorption for the rays 
of the red end of the spectrum. 

The third method was, by sinking white and different coloured 
surfaces under the water, and noting the change which took place 
in the colours. The colours selected were—red, yellow, and purple. 
It was found that these colours when seen through the water 
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changed in the same way as when seen through a blue transparent 
medium, such as a piece of glass. The white changed to blue. 
The red darkened very rapidly as it descended, a very small 
depth of water being sufficient to destroy all the colour. Ata 
depth of about 2 m. a very brilliant red was so darkened as to 
appear a dark brick red. Yellow changed to green, by the water 
absorbing the red component of the yellow. An orange, as it sunk 
in the water, appeared to become more and more unripe, while a 
lemon became quite green. The purple surface quickly changed to a 
dark blue or violet by the selective absorption of the water. These 
changes, being all due to the cutting out of the red component of the 
colours, showed the water to have a selective absorption for the rays 
of the red end of the spectrum. _ 

If the water had been coloured blue by selective reflection, then 
those test colours would all have appeared deficient in blue when 
sunk in the water, as the fine particles would reflect and scatter 
the blue rays. Experiments are described which show that when 
these colours are sunk in water coloured blue by reflection from 
small particles, that white changes to yellow, while yellow simply. 
deepens in colour, and purple grows redder, | 

All these different methods of experimenting show this water to 
be a blue transparent medium, and that it acts in the same way as a 
solution of a blue salt or as a blue tinted glass. It is then shown that 
this selective absorption theory is not enough to account for the 
different colour phenomena seen in water. A piece of blue glass or 
a blue solution have but little colour when viewed from the side 
on which the light is falling, and it seems certain that light will 
penetrate pure water till it is all absorbed, and the water will look 
dark and colourless. Something more, and that of great importance, 
is obviously necessary to explain the different colour phenomena 
seen in different waters, and in the same water at different times. 

If the water of the Mediterranean, when brilliantly coloured, 
is examined by means of a concentrated beam of light, it is found 
to be full of fine solid particles in suspension. It is shown that 
it is to this dust of the sea—so to speak—that the Mediterranean 
owes its fine and varied colouring. The particles of this aquatic 
dust are large, and reflect not only the blue rays, like the supposed 
particles of the selective reflection theory, but they reflect rays of 
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all colours, and the water, by its selective absorption, strikes down 
the red rays, and only the blue rays are reflected to the surface and 
to the eye. These solid particles determine the brilliancy, and the 
selective absorption of the water determines its colour. 

The colour and the amount of the suspended particles is then 
considered. It is shown that the colour of the particles will have 
a marked influence in the appearance of the water. If the particles 

are yellow—sand particles for instance—then a blue coloured water 
will appear to be green, as the light reflected by the yellow particles 
is deficient in the rays of the violet end of the spectrum. 

In the Mediterranean the solid particles are whitish, and all the 
different colour phenomena are easily explained by the different 
amounts of the reflecting particles at the different places. Where the 
colour is deep blue there are few particles in the water, and but 
little light reflected ; and, further, the light passes through a great — 
amount of water, and undergoes a great amount of selective absorp- 
tion before it is reflected to the surface and to the eye. But if 
there are many particles in the water much light is reflected, and 
the colour is chalky blue-green, as the light does not pass through so 
great a depth of water, and is therefore not so deeply coloured, nor 
- has it so many of the green rays cut out as in the water where the 
. particles are few and far separated. 

Colour experiments on a small scale with a solution of Prussian 
blue and a fine white powder are described. If the solution of 
Prussian blue is placed in a vessel, the bottom and sides of which 
are dark and reflect. no light, then the coloured solution appears 
dark and colourless; but if a little of the white powder is added 
then the solution at once becomes brilliantly coloured. By varying 
the amount of the powder in the water all the varied colour effects 
of the Mediterranean can be reproduced, a little powder causing 
the solution to appear deep blue, and as more powder is added the 
brilliancy of the water increases, and its colour changes from blue 
to chalky blue-green. 

The presence and the abundance of white reflecting ititean is 
shown to be a characteristic of all finely coloured waters, and the 
wave-washed shores of the Mediterranean are shown to be the 
factories in which are prepared its reflecting particles. The waves, 


as they beat on the shore, grind up the stones and rocks, and stir 
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up a great amount of fine whitish solid matter, which gives the water 
along the shore a milky appearance. 

With the assistance of these whitish natliliin, we understand 
how it is that the brilliant blue-green of this sea depends so much 
on the continuance of sea-breezes. The longer the wave mills 
have been at work the more fine powder has been produced along 
the shore, and more time given for the particles to be -carried sea- 
ward, by the wave-mixed and wind-driven waters, and the blue 
green which only extended in a narrow band along the shore, when 
the wind began to blow, is, after a few days of inshore wind, seen to 
extend far to sea. We also understand how it is that the colour near 
shore is so brilliant and so much greener than outside. Near the 
shore there is a greater quantity of white solid matter in suspension ; 
there is therefore more light reflected, and further, the light does 
not penetrate through so great a depth of water, and has not so 
much of the light of the red end of the spectrum cut out, and 
therefore looks greener than the water outside, the light from which 
has to penetrate a greater depth of the absorbing medium. The 
_ blueness and beauty of the Mediterranean would thus appear to be 
due to the blue transparency of its waters, coupled with the 
presence of white reflecting particles, and the variety in its colour- 
ing to the amount of the suspended — at different praces and 
at different times. 

From this we see the important influence which the geological 
formation of the shore has on the appearance of the water of a sea, 
as it determines the nature of the solid suspended particles. This 
is beautifully illustrated by the difference of colouring in the 
- Mediterranean at Mentone and at Cannes. At Mentone, limestone 
is everywhere abundant along the shore, and this limestone, when 
ground up by the waves, produces an extremely fine and white 
powder, which, mixed with the water, causes the sea at Mentone to 
be far more brilliantly coloured than it is at Cannes, where there is 
but little limestone, and the shore is almost everywhere covered with 
sand, the debris of the surrounding rocks. 

In the experiments in the Mediterranean it was found that the 
solid particles were so abundant that they prevented the sun’s 
rays penetrating in a direct line to any great depth. This was 
shown by the illumination of the white surface placed at some 
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distance under the water, and seen through the empty tube, being 
the same, whether the surface was turned towards the sun or away — 
from it. It was also shown by the fact that at a depth of 6 m. 
these solid particles were found to reflect about as much light as 
a white surface did. These solid particles act like a fog, and, while 
they stop the light penetrating in a direct line, yet allow it to 
penetrate much further by internal reflection. ‘The sun’s rays get 
entangled—so to speak—among the particles, and are reflected from 
particle to particle, becoming a deeper blue with each reflection, so 
that the particles become illuminated with blue light. From this 
it is obvious that the more transparent the water, and the greater 
the reflecting power of the particles, the more deeply coloured will 
the water appear. 

The Lake of Como was the next water visited. A white surface 
seen through its waters, showed it to be as deeply coloured as the 
Mediterranean, yet the absence of white reflecting particles in its 
‘waters and its dark-coloured bottom, cause it to appear compara- 
tively dark and colourless. When a quantity of white reflecting 
particles was artificially mixed up with the water in this lake a fine 
blue-green cloud was formed, which remained visible for some time 
amidst the darker waters, and showed that all this lake required to 

_ make it brilliantly coloured was the presence of white suspended 
particles in its waters. The waters of Como, in their passage from 
the lake to form the river Adda, change to a fine blue. This 
sudden alteration in the appearance of the water is shown to be 
probably due to the addition of fine reflecting particles to the 
water on entering the river. | | 

Lago Maggiore, compared with Como and the Mediterranean, 
looks greener than either, but reflects more light than Como. 

| | The Lake of Geneva, whose waters have been so highly praised by 

| 3 all writers, was next visited, and the explanation given of the 

colouring of the Mediterranean was found to apply here also. 
Near Bouveret, where the Rhone enters the lake, all the variety of 
colour phenomena seen in the Mediterranean were repeated. The 
light coloured muddy waters of the entering river, as they stretched — 
far into the lake, represented the whitish waters near shore in the 

Mediterranean, and where this whitish stream mixed with the 
waters of the lake, the bright blue-green of the Mediterranean was 
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reproduced, while further out the waters were deeper blue, rivalling 
in brilliancy those of the Mediterranean. The work done by the 
waves along the shores of the Mediterranean, in manufacturing the 
light-reflecting particles, is for the Lake of Geneva, done by the | 
grinding of the glacier mills and streams of the Rhone valley. 

The silt brought down by the Rhone was found to be composed of 
clean white particles, like fine white sand. Many of the particles — 
are thin polished plates, and when examined by means of a con- 
centrated beam of light, while in suspension in water, are seen to 
flash brilliantly in the strong light. This white solid matter 
brought down by the Rhone is constantly being deposited all over 
the bottom of the lake, and it is this whitish deposit which gives to 
the Lake of Geneva one of its peculiarities. The light reflected 
from the whitish bottom causes the water of the lake, all along the 
_ shore to appear of a peculiar light blue-green colour, and enables us 
to judge of the depth of the lake at depths far beyond that to which 
we can see the bottom. We can only see a white surface of 15 cm 
square to a depth of about 7 m., yet the light reflected from the 
bottom affects the appearance of the water at depths far beyond 
7 m., showing that light penetrates by diffusion in these waters to 
far greater depths than it can directly. _ | 

The brilliancy and beauty of the Lake of Geneva would thus 
appear to be due to the purity and transparency of its waters, 
coupled with the presence of an enormous amount of white reflecting 
surfaces, both in suspension in its water and deposited all over the 
bottom of the lake, the effect being intensified by the brilliancy of | 
the reflecting particles. 

The colour of the water in Lake Bourget was found to be similar 
to that in the Lake of Geneva, though at the time it was visited it 
was slightly more turbid. A white surface could not be seen to SO 
great a depth as in Geneva, and the water, even in the middle of the 
lake, when examined by means of a concentrated beam of sunlight, 
was found to be very full of suspended light-reflecting particles 
similar to those brought down by the Rhone. 

The examination of the water in these lakes was confined to the © 
coloured surface experiments, and to a spectroscopic examination of 
the internally reflected light. The results were all similar to those 
in the Mediterranean. | 
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In the beginning of autumn the sea off the west coast of Scotland, 
near the village of Ballantrae, and also in Brodick Bay, was visited, 
and the waters examined by means of submerged coloured surfaces, — 
and by means of the spectroscope. The water was here found to be 
much greener than any previously examined. A large quantity of 
this water was filtered, when it was found that most of the suspended 
particles were fine grains of sand. From this it is concluded that 
the greenness of our northern seas is in part due to the reflecting 
particles being yellow, and the reflected light, therefore, deficient in 
the more refrangible rays. These yellow sand particles not only 
explain part of the greenness of our northern seas, but they also — 
explain their comparative darkness and deadness, the yellow sand 
particles reflecting so little light. The importance, however, of even 
these bad reflectors was very evident during the time the observa-— 
tions were being made. It was noticed that the water was much 
more brilliantly green during and immediately after an inshore 
wind, and when the filter showed the water to have a good deal of 
sand in suspension, than after a calm, when many of the particles 
had settled out. Some water collected about a mile seaward from 
Ballantrae was examined in a glass tube 74 m. long, and 1 was found 
to be of a blue green colour. 

The water of Loch Lomond was nel examined, and found to be 
a perfect contrast to any previously described, being of a colour 
nearly complementary to that of the Lake of Geneva. A white 
surface seen through its waters appearing yellow, and the submerged 
coloured surfaces showed its waters to have their greatest absorption 
for the rays of the violet end of the spectrum. Its waters reflect a 
slightly yellowish light, its spectrum being brightest in the yellow. 
‘This water is so deficient in reflecting particles that its brightness is 
never greater than what we call brown. If it was supplied with 
abundance of reflecting particles Loch Lomond would be a yellow 
lake. | 

Well waters were also examined for colour by placing them in 
long tubes, and looking through the water at white and at coloured 
surfaces. The tubes were in pieces, so that they could be fitted up 
in lengths of from 3 m. to 15 m., to suit the transparency of the 
. water under examination. The tubes were fixed horizontally, and 
at a convenient height for looking through them, and the water to 
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be tested was poured in till the tube was half full, so that by looking 


. through the upper half of the tube the coloured surface could be 


seen, and through the lower half the effect of the absorption of the 

water on the colour, and on the brilliancy, of the transmitted light. 

The transmitted light was also examined by means of a spectroscope. 
The colours of the different waters were found to vary greatly. 


One sample was of a fine blue, others were green-blue, some green, 
whilst others were of colours between green and yellow, but all were 


of colours between blue and yellow. It was observed that the more 
transparent a water was, the nearer its colour was to blue. Scarcely 
any light could be seen through 7 m. of any of the yellowish waters, 


whilst through this length all the bluish waters were quite trans- 


parent, and the spectroscope showed that some of the waters trans- 
mitted almost the entire light of the blue end of the spectrum, and 
only stopped the rays of the red end. When one of the bluish ~ 
waters was examined in a tube 15 m., or nearly 50 feet long, it 
appeared of a fine blue green as transparent as a piece of glass. 

Only very little relation could be traced between the colour of a 
water—when tested in long tubes—and its suitability for dietetic 
purposes. 

The cause of the colour of water has ‘hon a frequent subject of 
speculation. Every substance which has been discovered in water 
has in turn been suggested as the cause of the colour. When no 
useful purpose could be given for its presence, it was told off to do 
the ornamental, and make the water beautiful to the eye. All these 
speculations assume that the colour is due to some impurity in the 
water. This, however, is obviously begging the whole question. 
It is first necessary to find out whether water has any colour in 
itself, and what that colour is, before we can say anything about the 
effect of impurities. 

As it would be impossible to prepare aaiaiale pure water, and 
as we might still be in doubt as to whether any colour seen in 
purified water was due to the water or to the impurities, the follow- 
ing method of experimenting was adopted :—Distilled water was 
prepared in two sets of apparatus; in one set the condensing tube, 
the collecting bottle, and the testing tube were all of glass ; in the 
other set they were all made of brass. If the waters prepared in 
these two sets of apparatus have the same colour, then the proba- 
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bility is that the colour is due to the water, as the impurities will 
be different in the two samples, and they would probably give 
different colours. The result was, the colour of the samples of water 
prepared in both sets of apparatus was the same—namely, blue. This 
conclusion was further confirmed by preparing another sample of 
water, and condensing it this time ina platinum tube. The water so 
prepared was also found to be of a fine blue. All three samples 
were almost exactly the same colour as Prussian blue. Standards 
of colour were kept with which the different samples of water 
were compared, both for the colour and for the amount of 
the colour. As all the different samples of distilled water— 
after the apparatus was thoroughly purified—had the same colour 
and amount of colour, it seems almost certain that water is a 
blue transparent substance, and that the colour in these experi- 
ments could: not be due to impurities, which must have varied 
both in kind, and in amount in the different samples of water. 
Further, as the amount of colour in the Mediterranean water, and in 
the bluish well waters, was as near as could be judged the same as 
in pure water, it does not seem necessary to call in the aid of im- 
purities to account for the blue colour seen in lakes and seas, the 
colour being principally due to the water itself, and the different 
substances in solution, instead of making the water blue, tend to 
change its proper colour and make it green, or yellow. 

The addition of impurities to water seems generally to change its 
colour from blue to green, or to yellow, though there seems to be no 
reason why some impurity may not change it to a deeper blue. The 
Selective-absorption of the water remains the same, while the 
impurities add their selective-absorptions to that of the water, and 
while they change the colour they also decrease its transparency. 
This explains why it is that the yellow well waters are so much less 
transparent than the blue. This must necessarily be so, as a very 
small depth of water destroys the rays which give yellow, and the 
transparency of yellow waters can only be the transparency of 
water for yellow light, which is very much less than for blue light. 

No attempt was made to find out what the different discolouring 
substances in water are. The task would — be an endless 
one, and of little value. 

The effect of the light reflected from the surface of the water 1 is 
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then referred to. It is shown that when the sky is covered with 
white clouds, the surface reflection is so strong as to mask the colour 
of the water, and that when the sky is deep blue the sky-reflected 
light intensifies and deepens the apparent colour of the water. The 
importance of the surface-reflected light is best seen when the sky 
is covered with clouds, and glowing with a colour different from that 
of the water, as at sunset when the clouds are richly coloured all 


over the sky and deeply down towards the horizon. The water will 


then, especially if calm, appear like a sea of molten metal glowing 


with sky-reflected light, so powerful and brilliant as entirely to | 


overpower the light internally reflected by the water. 

Pure water having been shown to be perfectly transparent to the 
more refrangible rays, and as it absorbs the red rays, water, when 
looked at from the side on which the light is falling, must necessarily 
be dark, and cannot reflect any perceptible amount of blue light. We 
must, therefore, look to the solid particles in suspension in the 


water as the cause of the light reflected by water, and while the 


selective absorption of the water principally determines its colour, 
its brilliancy is entirely determined by the suspended particles. 

It is shown why it is that though we have waters of many colours, 
that yet we only observe the colour when it is blue or green, and 
never when it is yellow. Amongst other reasons given is the much 
less brilliancy of yellow waters, this less brilliancy being due to the 
less transparency of the yellow waters compared to blue; only the 
reflecting particles near the surface are active in the yellow water, 
whereas the particles to a considerable depth in the blue can reflect 
their light to the surface. This is one reason why Loch Lomond is 
so much darker than the Lake of Geneva. Loch Lomond certainly 
has fewer and less powerful reflecting particles than the Lake of 
Geneva, but. it is darker also, because only the particles to a much 
less depth can reflect their light to surface. | 

The waters of our northern seas, when provided with proper 
reflecting particles, such as air-bells and white particles, are shown to 
be much bluer than they generally appear. The brightness and 
blueness of the waters off the coast of Cornwall, are shown to be 
due to the beaches along this coast being at many points covered 
with a whitish coloured sand, which gets mixed up with the water 
by the action of the waves. As the water of the sea is constantly 
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circulating, it seems impossible that the same water can be one 
colour at one place, and a different colour at another, but we can 
easily see how the different colours and degrees of brilliancy can be 
produced by the colour and the amount of suspended matter at the 
different places,—where the water is mixed with whitish particles 
being bluish, and where mixed with yellow particles, appearing 
greener,—whilst its brilliancy is determined by the amount of sus- 
pended particles which may be present at the time in the water. 

In conclusion, a lake in the Cordilleras is referred to as combining 
all the conditions necessary for producing fine and brilliantly blue 
coloured water, The traveller in describing this lake says, « Its 


waters were of the most extraordinarily brilliant blue I ever beheld.” 
From the description, this lake is in many respects like the Lake of 


Geneva. It is provided with an abundant supply of pure glacier | 
water, free from discolouring impurities, but laden with abundance 
of white-reflecting particles, whose presences is evidenced by a “ white 
strip” around the lake. | 


2. The Surface Geology of Mid-Lochaber. 
By Professor Duns, D.D. 


(Abstract). 


An attempt is made in this paper, mainly from the point of view 
of the Society’s “‘ Boulder Committee,” to examine and classify the 
surface-deposits of a comparatively small compact area, which is 
bounded on the north and north-east by the river Spean, on the 
south and south-west by the river Nevis, on the west and north- 
west by the Lochy and the Caledonian Canal, and on the east and 


south-east by the Nevis range of Mountains. Reference is also 


made to the district between the Nevis and Loch Linnhe, including 
Auchintore and part of Glen Nevis. The body of the paper is 
limited to the statement of phenomena. It is felt, however, that 
the chief value of a record of facts is to lead to a definite knowledge 
of the forces which underlie them, and of the laws of which they are 
the expression. 

I. Psat.—The chief deposits occur in Corpach Moss, and on the 


low ground which stretches on both sides of the Kingussie road 
VOL XI. 3 Q 
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between the Nevis and the Spean. It varies in thickness from a 
few inches to 16 feet. In a general way, when looked at in section, 
a layer of coarse sand and gravel, with lumps of bullet-like granites, 
porphyries, porphyrites, and mica schists, lies on the rock; higher up, 
beds of coarse sand, on the top of which are stones not generally so 
much rounded; above this the peat. Jt many places the remains of 
trees are abundant. Occasionally thin beds occur almost as fine in 
the grain and as hard as lignite. It was shown that the level of 
Corpach Moss is yearly becoming lower. ; 

II. Sanp anD GravEL.—These are met with in irregular ridges, 
in long undulating mounds, in short squat heaps, and in conical 
hillocks. The Auchindall hills determine, to a large extent, the lie 
of these heaps. Section, beginning below—(qa) rolled stones and 
gravel, stones about twice the size of the head; (b) waved sand ; 
(c) fine gravel; (d) waved sand ; (e) horizontal bed of sand ; (f) peat ; 
(g) surface soil, It was shown that the deposits left on the shore, 
after an exceptionally high tide had met the Lochy in flood, bear great 
resemblance to many of these heaps, excepting the marine debris. 

III. AneuLar Desris on THE Mountains.—This was described, 
and it was asked—(1) Are the angular boulders, and the angular 
debris which often accompany them, of the same age, and expressive 
of the same forces? (2) When both angular and rounded boulders 
accompany the debris, must we co-ordinate the former with the 
angular debris only 1 | 

IV. Bouzper Heaps or Ciusters.—These terms were chosen in 
preference to lateral, medial, and terminal moraines, morainic matter, 
morainic aggregations, and the like, which were held to be mis- 
leading at this stage of the inquiry. A typical boulder heap, near 
the foot of the south-west slope of Meall an ¢’Suidhe, was described 
and represented by a drawing. Drawings were shown of circular 
heaps high up the mountains, and their chief features were pointed 
out. | 

V. Sineie Boutpers.—These were fully illustrated by a series of 
drawings. Several of them bear a strong resemblance to the fine- 
grained pinkish granites near Loch Ness. Of the boulders which 
lie near but not zm the heap now mentioned, those of granite, 
granitic porphyry, and porphyry, lie for the most part in a line of 
their own, while those of mica schist, micaceous gneiss, and, some 
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porphyrites, lie on either side of the former—schists nearest the 
mountain, granites and porphyries next, and schists again between 
the granites and the Nevis. This apparent order may be ex- 
ceptional, but it might come to have significance in relation to 
theories of deposit at different times. The lines in which they lie 
slope to the north-west. Many on the low slopes: and in the plain 
are of great size, and present distinct marks of striation and 
polishing. The prevalent direction of the larger axis is north- 
north-west and south-south-east. Reference was made to the 
frequent occurrence of cup-like markings on porphyry boulders 
especially, and it was shown how these are formed. In most of the 
boulders described their angle to the horizon was noted, mainly to 
show that boulders may rest on slopes where one could not have — 
expected to find them. The angles vary from 5° to 40° 10’, and 
the boulders in size from those twice as big as the human head to 
such as are 17 x 5 x 6, or even larger. The girth of one, taking in 


irregularities of surface, is 160 feet. The peculiar forms of many of 


the boulders were traced to cleavage fracture, and drawings of some 
were exhibited. Reference was made to the series of rocks from 
Meall an t}Suidhe, north to Crag Duibh and the Dorney crystal- 
line limestone, and a section was shown. In the comparatively low 


ground above the rocks shown in this section the erratics are all 
rounded and polished, while the boulders of the rocks in the imme- 


diate neighbourhood are angular or subangular. The boulders 
below the part which was shown in section are of gneiss, limestone, | 
mica schist, micaceous gneiss, porphyry, light grey, fine-grained 
granite, pinkish granite, coarse grey granite—many being much 


polished and almost circular. 


The boulder and shingle-covered face of Ben Nevis, which looks 
down on Lochan Meall an ? Suidhe, was closely examined to ascertain 


‘if, as had been reported, these were true erratics on this part of the 


mountain, but none were found. 
_ Some general remarks were made in conclusion :— 

1. The peat has been formed subsequently to the deposit of the 
gravel heaps. What is the significance of the fact, that at the bottom 
of many of the gravel heaps a layer occurs of large bullet-like pieces 
of granite and porphyry resembling those at the bottom of the chief | 
deposit of peat, Corpach Moss, into which the heaps do not extend #. 
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2. The gravel heaps consist of sand of different degrees of 
fineness, and of stones varying in size from small pebbles to such as 
are twice or thrice larger than the head. The coarse sand can be 
traced to the wear of the district rocks, but there are beds of very 
fine sand, which seems to differ wholly from these. In the rare 
instances in which large boulders were met with in these heaps, 
there were subangular specimeus of rocks in the neighbourhood. 
The erratics occur on the heaps. 

3. Blocks abound high up the mountains, many of enormous size 
and weight, for whose position no explanation can be found in any 

of the forces at present active in the locality. 

4, The position of boulders in the plain may have as great 
significance to the glacialist as that of those high up the mountains. 
This was illustrated. If the position of that on the plain is one to. 
which it could not have rolled, the face of the country being at the 
time of its deposit as it is now, the supposition is admissible that 
both the boulder on the high level and that on the low ground may 
have been dropped by an agent on which the inequalities of the 
surface could have no bearing. 

5. Both angular and round boulders occur together at high levels. 

6. Boulders are met with the same as the rocks in which they 
lie in heaps whose form and position no theory of weathering or 
of rolling can explain. | 

7. In many places the striation is much hatched, and it is 
difficult to make out the initial direction. That the striz are very 
often in the line of the larger axis, and most frequently, by the 
compass, north-west and south-east, is almost all that can be said. 
Some large boulders present comparatively symmetrical grooving or 
striation over the whole surface. When this occurs above only, 
the readiest explanation is found in tracing it to the action of 
another boulder carried in the direction of the strie. 

8. In ascending Ben Nevis, and when on the summit, most 
observers are struck with the great extent of the angular debris and 
the immense number of great cornered stones. Snow or ice 
gliding over this loose surface might, at first thought, be expected 
to sweep it all away. Even snow melting suddenly might be held 
likely to carry it down to the valleys) But the temperature which ~ 
determines the formation and the fall of the snow determines also 
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the compacting of the loose material. The moisture among it and 
the first snow that falls on its surface freeze. And thus a thoroughly 
compact moss is provided to resist snow-slips and to permit the 
water, from the melting snow when the thaw comes, to flow over it 
into the courses which feed the mountain torrents, 

9. A careful examination of the deposits within this area, so far 
as they have any bearing on former Arctic conditions of climate and 
a glacial surface, begets the belief that the bulk of the phenomena 
may ultimately find their explanation in the recognition of two 
movements—one from the west, north-west, or north-north-west, 
inwards to the Ben Nevis range, and another, subsequently, 
outwards from Ben N evis as a centre. 


3. Remarks on Dielectric Strength. By Professor Chrystal. 


The phenomena accompanying the disruptive discharge of electri- 
city are, in the present state of electric science, among the most inter- 
esting known, because they are the least understood, and, so far as 
we know, the least concordant with our preconceived ideas. The 
simplest way of representing the facts is to imagine with Faraday 
that the non-conducting medium, or dielectric, between two charged 
conductors is the seat of mechanical stress, consisting of tension 
along, and pressure perpendicular to, the lines of force. The rupture 
of the dielectric may then be conceived as a phenomenon precisely 
analogous to the rupture of an elastic body under stress. We are thus 
led to the conclusion that the commencement of the rupture happens 
at that particular point where the tension first reaches a certain value, 
called the breaking tension or dielectric strength, which depends 
merely on the material of the dielectric, and on its physical condition 
at the time being. The main thing in any experiment on dielectric 


strength is to know the tension ai the point where the rupture begins. 


According to Maxwell’s rendering of Faraday’s theory, the tension 
ae R:, where R. is the resultant electric force and K the specific 


inductive capacity of the dielectric. If the dielectric be uniform, 
R wili be a maximum at the surface of some conductor. If then ¢ 
be the surface density, since KR=470, we have at the point of 
rupture, | 
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and the discharge will begin at that point of some conductor of the 
system whose surface density first reaches the value = , 
T 
In this view the beginning of disruptive discharge is conditioned 
solely by the nature of the dielectric in the immediate neighbour- 
hood of a certain point on the surface of the discharging body, and 
by the electrical surface density at that point. This is, in the first 
instance, unquestionably the simplest and most scientific analysis of 
the phenomena, but it has not as yet, I think, been shown that it 
will account for all the observed facts. Experimentets have mainly 
themselves to blame for this; for they have in too many cases 
simply worked at random, and have consequently fallen among 
circumstances so complicated that a theoretical examination of their 
‘results is out of the question. Some, for instance, have apparently 
imagined that the breaking tension or dielectric strength of a 
medium could be inferred from the difference of potential required 
to produce a spark of given length between two bodies in it, no 
matter what their form or surroundings. The most casual observa- 
tion of course proves the contrary. I am not aware whether any 
definite experiments have ever been made to show the influence of | 
the electrical condition of surrounding conductors. The following 
extracts from notes of some experiments made last summer,* may 
perhaps be of some interest as illustrating this point. P and Q are 


4 Holtz Machine 


two rounded terminals between which the spark was taken. P was 
charged by means of a Holtz machine to a potential, which was 
measured by means of an electrometer, the method employed being 
a modification of that used by Dr. Macfarlane in his experiments 


* With the valuable assistance of Dr. Macfarlane. 
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on disruptive discharge. R and § are two parallel metal discs faced 
with plates of glass aa and bd, to prevent discharge between them 
and P or Q. RK can be raised to any required potential by charging 
the Leyden jar L. Q and S, the outer coating of L, and the other 
electrode of the Holtz machine, are all connected with the earth. 

For a given distance PQ of 6 mm. or so, provided the distance, 
RS is not too small, the mere presence of R and S does not sensibly 
increase or diminish the difference of potential required to produce 
a spark between P and Q. But the case is very different if R be 
raised to a considerable potential, as will be seen by the following 
tables. In the columns headed P and R, the sign of the charge of 
these conductors is given; under V, the diff..cnce of potential (in 
an arbitrary unit) required to produce the spark ; in the last column 
the difference between the two values of V. 


R Difference. 
0 149 PQ= 6 mm. 
+ 160 | +27 RS= 25 mm. 
0 133 
+ 142 +22 11 
0 PQ= 3mm. 
0 132 7 
~ + 140 -30 |) 
a 0 170 PQ=5'5 mm. 
190 +20 RS= 25 mm. 
0 170 


A modification of the experiment was made by insulating S, and 
charging and discharging it along with R, with the following result :— 
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R S V Difference. 
+ + + 195 +56 |) 
PQ= 7 mm. 
+ 0 163 +27 RS= 28 mm. 


It appears very clearly from these experiments, that the presence 
of an independently charged body affects considerably the potential — 
required to produce rupture. When the neighbouring body has a 
similar charge to the discharging one, a higher potential is required ; 
and, when it has an opposite charge, a lower potential is required 
than when the neighbouring body is neutral or absent. The effect 
becomes smaller, ceteris paribus, when the distance PQ is dimin- 
ished, and increases when the distance RS is diminished. If we 
bear in mind that it is the surface density at extremity of P, 
which determines the rupture, and not the difference of potential 
between P and Q merely, this result is precisely what we ought to 
expect. | | 

If we assume that in the cases above quoted the charging of R 
and § affected the whole charge on P without sensibly altering its 
relative distribution, which must have been approximately true since 
the mere presence of R and S in the neutral state did not affect the 
discharge, then the surface density at every point of P will be 
proportional to its whole charge. Let p be the capacity of P 
depending almost entirely on the presence of Q; —g the coefficient 
of induction between R and P, which is the same as that between 
S and P; V, the potential of P corresponding to rupture when R 
and S are at potential zero, V the corresponding value when Rand S 
are at potentials U and U’ respectively. Then we have, since the 
surface density at the point of rupture is the same in both cases, and 
therefore by our assumption the whole charges also the same, 


PVo=pV -q(U+U), 
V-Y,-= 
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In the cases where R alone was charged we have 
V- Vo ° 
When both R and S were charged to the same potential, 
0. 


These formule reproduce all the results quoted above; they 
further indicate that the differences are proportional to the potential 
of the disturbing body,.as was found to be the case in some rough 
experiments which were tried to test this conclusion. 

The fact that the presence of an oppositely charged body facili- 
tates discharge from a conductor, suggests the curious conclusion 
that a spark may under certain circumstances be caused to pass 
between two bodies by merely bringing up near them a body 
oppositely charged to that on which the point of maximum surface 
density is to be found. This experiment was repeatedly tried with 
perfect success. P was gradually charged up until the electrometer 
indicated that it was near the potential of rupture. Then the 
machine was stopped and R suddenly charged oppositely to P by 
connecting it with a large Ledyen jar standing ready for the purpose. 
The result was to cause disruptive discharge between P and Q. A 
similar phenomenon no doubt sometimes occurs in nature. Suppose 
there were a positively charged thunder cloud at some distance from 
the earth, near, but not quite at, the point of discharging; the advent 
of another cloud negatively charged, but at a smaller height, might 
cause the lightning to pass down from the higher cloud to the earth. 

Among the various circumstances that might affect the strength 
of a dielectric I thought, for reasons needless to relate, that it would 
be interesting to examine whether its magnetic state be material. 
With this view I arranged two spark terminals between the poles of 


a powerful electromagnet in different positions relatively to the lines | 


of magnetic force and measured the difference of potential required 
to produce a spark when the magnet was excited and when it was 
not. The result was entirely negative. Although the magnetic 
force* employed went as high as 6000 absolute C. G. S. units, I 


* For the rough measurement ef the strength of the magnetic field I am 
indebted to Mr. Albert Campbell. 
VOL, XI. 
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could detect no difference amounting to 1 per cent. which was about 
the uncertainty in my best experiments. 

The earliest measurements in absolute units, from which the 
: dielectric strength of air could be deduced, were those of Sir William 
Thomson (1860), who measured the electromotive force between 
two parallel plates required to produce .a spark varying in length 
from ‘0025 cm. up to ‘15 cm. De La Rue and Miiller (1877), 
Macfarlane (1878), and T. B. Baille (Comptes Rendus, Jan. 1882, 


pp. 38 and 130), have followed in his footsteps. The following table 


contains some selections from their results :— 


Potential Required to produce the spark in C. G. S. 


Spark Lengths Electrostatic Units. 
in Centimetres. 
Thomson. | ag Macfarlane.| Baille. |), 
769 | 7°48 8°71. 
10 1330 | 1447 | 1166 | 1467 
30 | 2556 | 35°85 
ine 45°61 64°81 55°00 


. It will be seen that the agreement between the different experi- 
menters is far from perfect. To those familiar with the manifold 
difficulties attending measurements of this kind, this is not surpris- 
ing. I may mention that the result in the last column was obtained 
last summer by Dr. Macfarlane and myself, by means of a new form 
of absolute electrometer which I was led to devise during a course 
of experiments of which we hope to give an account hereafter. 
The instrument consists simply of an insulated plane disc, suspended 
parallel to a surface of water connected with the earth. When the 
disc is raised to a high potential, the water rises up and forms a 
plateau, whose height is measured by observing with a micrometer 
eyepiece the displacement of the image of a fixed point seen by 
reflection at the surface of the-water. From this we can calculate 
at once the difference of potential between the disc and the water in 


absolute units. The instrument is very direct and ready in its ap- 
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plication, and promises well so far. If it continues to answer our 
expectations I shall take the liberty of laying a detailed description 
of it before the Society. 

There is one point of great interest on which all these experi- 
menters are agreed, viz., that the curve whose abscissz is the spark 
length, and whose ordinate is the spark potential, is not a straight 
line as it ought to be by the ordinary electrostatic theory, combined 
with the notion of dielectric strength above explained, the air 
between the plates being assumed to be a uniform dialectric. There 
can be no question that at very short distances the falling off from 
this law is very great. I think that there has been a slight tendency 
to overstate the discrepancy for distances over ‘1 cm. Taking 
Baille’s numbers, excluding all distances under ‘2 cm., I calculated 

_ by the method of least squares the formula of the form V’ = as + 8, 
which would best reproduce his observations. V’ denotes calculated 
spark potential for s centimeters; V the observed spark potential. 

The formula found was 


99759354 4-997 


The following Table gives the comparison :— 


Vv v’ 
2 25°51 24°92 
3 35°35 34°88 +°47 
“4 44°77 44:83 
5 54°47 54-79 88 
6 63°82 64°75 
7 73°78 74°71 +93 
8 84:86 84°67 +19 
9 94°72 94-68 +09 
10 105°50 10459 +91 


The error nowhere exceeds 3 per cent., and if we consider the 
increased probability of error from leakage at the high potentials, 


Se 
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the arrangement of the negative signs in the middle of the difference 
column, indicating a slight curvature, may be said to be accounted 
for. I find a similar result on reducing some of Macfarlane’s Tables 
in the same way, so that it would scarcely be unreasonable to say 
that for distances beyond ‘1 cm., the curve is straight within the 
limits of experimental error. 

If this be allowed, there remains to be accounted for only the 
admitted curvature for distances under ‘1. Two explanations have 
been suggested, and others — be or perhaps may already have 
been advanced. 

1. That the air in the iminediate neighbourhood of a solid con- 
ductor is condensed, and therefore dielectrically stronger. This 
explanation, if I understand it aright, appears to me to fail altogether. 
For the beginning of rupture is conditioned by the strength of the 
layer next the conductor, and, even on this explanation, that would 
be the same at all distances, and the curve ought to be a straight 
line. | | 
2. That there is a difference of potential between the conductor 
and the air. This hypothesis would still give a straight line 
although not passing through the origin, it would therefore still 
leave the curvature near the origin unexplained, which ‘in the case 
of air at least is the main difficulty. Still this possible cause should 
not be lost sight of. It may be part of the explanation. 

3. It might be that the air near the conductor is electrified, in 
which case the characteristic equation of the potential between the 
plates would become 


av 


Without entering into a dlacusion of this kynctibidte in the 
meantime, I may mention that it is subject to the initial objection, 
that it seems difficult to reconcile it with the fact, proved by the 
best modern results, that there is nothing of the nature of slow 
conduction or even convective discharge through air at the atmo- 
spheric pressure, so long as the electromotive force does not surpass 
a certain limit. 

4. There is yet another hypothesis which seems to me well | 
worthy of examination, viz., that the Specific Inductive Capacity of 
the air, undergoes a rapid variation from the surface of a solid 


+ =9. 
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outwards. The most natural assumption in the first instance would © 
be that so long as the curvature of the surface is finite, K is a 
function simply of the distance from the surface, and independent 
of its curvature, that it starts with a value K, just at the surface, 
and very rapidly reaches a value K,, which it retains until the 
immediate neighbourhood of another solid is reached. The equation 


of the potential now becomes 


x being measured perpendicular to the two parallel plates, from the 
one at higher potential to the one at lower. We thus get | 
| 

where A is a constant. 


Whence 


and if V denotes the difference of potential between the plates, and | 
s the distance between them, — : 


The resultant force at the surface is 


— Ifs be less than a certain distance (comparable with a millimetre, 

to judge by the experimental results) the integral [ Ba may be 
| 0 


R . (4). 


broken up into two equal parts and each of 


which is the same function of 5? the whole is therefore some 


function of s, so that we may write = Where K,j(s) 


has a value intermediate between K, and K,, we thus get 


R=~J() 
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which is general enough to ‘Tepresent the experimental results for 
small distances. 

Next let s be greater than a, where a is the distance from a 
conductor at which K ceases oe to vary, then, 


Here the first and last aa. are equal and constant, say each = 
im , where K’ is intermediate between K, and K,. In the second — 
integral K is constant throughout, and equal to K,, we thus get 


K Ki K, 
Whence 

Vy 
Ke, 4 Ko _Ke 
(6), 


This gives a steniaht ea for distances greater than a, and accords 
with the interpretation which I am inclined to ee upon the results 
of experiment. 

This theory then wail allow us ‘“ retain the notion of a definite 
dielectric strength for air, and at the same time to reproduce the 
results of experiment. The only question to be settled is whether 
the assumed variation of the specific inductive capacity actually 
exists. Equation (5) would of course allow us to find the nature of 
the variation, if any such existed. Since, in the case of air, by the — 
unanimous testimony of experimenters, the intercept on the axis of V 
is positive, we must have K, > K’, and hence, since K’ is inter- 
mediate to K, and K,, K, > Ko, z.e., the specific inductive capacity 
of air in the neighbourhood of a conductor is less than in free air. 
This seems at first sight a somewhat startling conclusion; but on 
_ reflection I see nothing against it except perhaps prejudice. At all 
events it will scarcely be said that the kinetic theory of gases settles 
it immediately either way. 

The above theory may at once be subjected to a very interesting 
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experimental test ; indeed, it is on this account mainly that i have 
ventured to bring it forward. 


Let C denote the capacity per square centimetre of two parallel 


plates at a distance s — Then, since the surface density is 
given by 3 
| 
c= R 
we get by (4) 
| 
= 
0 K | 
Hence, V being the spark potential corresponding to the same 


distance s, since by hypothesis R is always the same, being in fact 


we have 
0 
V=RK 
whence 
K,R T 
= constant. 


This reciprocal relation between the capacity and spark potential 
shows that the capacity of the plates for very small distances apart, 
ought, if the above theory be correct, to be much smaller than the 
value calculated by the usual assumption of a uniform dielectric, for 
experiment has already shown that the spark potential is very much 

greater. I have devised an arrangement for putting this conclusion 
to an experimental proof, and hope in the course of next summer to 
be able to lay the result before the Society. . 

There is one other point on which I should like to remark. 
However good the methods of Sir William Thomson may be, I 
think that little is to be gained by following them to the exclusion 
of others. It is clearly desirable to experiment with other forms of 
terminals for which the surface density can be calculated, and to 
examine whether the results can be explained in all cases by a 
common hypothesis. I think it might be possible by careful atten- 
tion to insulation, to measure with some accuracy the potential at — 
which disruptive discharge begins at the sharpest extremity of an 
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ellipsoid of given form, and from this to reduce a measure of the 
dielectric strength of air. Some curious problems of mathematical 
physics arise here in connection with the assumption of varying 
specific inductive capacity, which I can only mention in passing. 
I find on a certain rough assumption that ovary ellipsoids of reason- 
able dimensions ought to give practically measurable results, and — 
propose to try the experiment. 

With the same end in view I think it would be desirable to 
reduce the experiment of Baille and others with spheres, in cases 
where the surface density can be calculated, and to examine the 
values of the dielectric strength in these cases. Until this or some- 
thing equivalent is done, it is clear that we have really no experimental 
ground for asserting the existence of such a constant as the 
dielectric strength of a medium, and therefore cannot take the very 
first step towards a physical theory of the disruptive discharge, 
which appears to me to be the next great advance to be _ in the 
science of electricity. | 


4, Diagnoses plantarum novarum et imperfecte descriptarum 
Phanerogamarum Socotrensium ; quas elaboravit Bayley 
Balfour, Scientis Doctor et in Universitate Glascuensi 
rerum botanicarum regius professor. Pars Prima. 


Plena descriptio Botanices Socotrensis quantum nobis cognita, 
brevi tempore subjicietur Societati Regie Edinensis ut in suis Actis 
in lucem emittatur et divulgetur. Quoniam verum spatio certo 
temporis opus erit ut singule partes et minutize Flore tam abun- 
dantis et copiose plene elaborentur et perlustrentur, et quoniam 
perplures forme endemice tam generum quam specierum in ea 
Flora comprehenduntur, oportet et congruit opportunis temporis 
intervallis, opere progrediente, breves diagnoses novarum plantarum 
in medium proponere, ut prioritas vindicetur nominibus que his 
novis tribuantur, et que in volumine Actorum Societatis Regie 
publice emittentur. 

None igitur in medium profero aliquas diagnoses novorum 
generum et specierum. In hac parte prima plantas novas Dicotyle- 
donearum Polypetalasarum solum descripsi; in partibus subse- 
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quentibus illas sectionum aliarum Phanerogamarum in apertum 
efferam. | 

Haud ab re duxi enarrare ex quibus originibus derivatur ‘materia | 
que nostris descriptionibus occasionem dat. Primo perpauca speci- 
mina imperfecta et fragmentaria que a Huntero,* quando munere 
legati fungens insulam Socotram invisebat, collecta sunt, et que ab 
illo partim herbario Kewensi missa sunt, partim vero a Hayo,t 
Universitati Edinensi donata sunt. Pauca specimina etiam frag- 
mentaria et imperfecta ex insulA a Wykehem Perryo ablata sunt et 
nunc in herbario Kewensi inveniuntur. In sequentibus descrip- 
tionibus technicis abbreviationes “ Hunt.” et “Perry” collectiones © 
illi et alteri proprias indicant. 

Deinceps, habemus collectionem relatam a participibus nostre 
expeditionis,—hi fuerunt Carolus Jacobus Cockburnus,§ Alex- 
ander Scottus|| atque ego ipse. Species a nobis reperte signo 
“B.C.8.” designantur. 

Postremo, possidemus collectionem Doctoris Schweinfurthii via- 
toris et botanici celeberrimi. Plante ab eo collecte abbrevia- 
tione “Schweinf.” notantur. Huic Societati Regie jam promis-. 
sionem ejus munificam memoravi, se sua specimina illis nostra expe- 
 ditionis additurum esse. Promissionem ejus observavit et preestitit, 
et ab eo magnum numerum splendidorum speciminum conservatorum 
recepi. Horum, alia nos ipsi dum in Socotra morabamur non ibi 
obtinuimus, alia autem nobis facultatem dederunt ad certas plantas 
plene describendas, quarum nostra exempla imperfecta seu fragmen- 
_ taria erant. Atque adeo collectiones ejus perutiles et magni 
eestimands in conficienda enarratione Botanices Socotrensis fuerunt. 

Superest ut hic moneam, quamvis ego pro majoritate nomi- 
num plantarum posthac enarrandarum solus sponsor sim, aliquas 
earum tamen nomine “Schweinf.” designatas esse. Hoc evenit 
ubi planta certa nos ipsi propria indagatione non omnino potiti 
sumus, vel ubi nostra specimina ad recognitionem certe plante non 
sufficiebant. Adeo honor inveniendarum harum plantarum Schwein- 
furthio rite tribuendus est. Nonnunquam, sed raro, nomina aliorum 


* Captain Hunter, Assistant Political Resident at Aden. 

+ George Hay, M.D., Port Surgeon, Aden. 

+ Commander Wykeham Perry, R.N., late Senior Naval Officer at Aden. 
§ Lieutenant Cockburn, 6th Royal Regiment. 

|| Alexander Scott, gardener in the Royal Botanic Garden, Edinburgh. 
VOL. XI. 
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authorum speciebus subjuncta sunt. Hoc evenit ubi characteres 
alicujus plants Socotrensis occasionem dederunt substantiali modifi- 
cationi certes prioris descriptionis, aut ubi nomen plante antea datum 
est nulla tamen descriptione comitante. 


MENISPERMACEZ. 


1, Coccutus BaLFourt, Schweinf.: dumetosa, cladodifera, spinosa ; 
foliis elliptico-oblongis v. subobovatis, breviter petiolatis, mox 
deciduis; floribus subsessilibus in brevissime-pedunculatis cymis 
confertis ; fl. 2: staminodiis senis. 

Nom. vern. Kiomhan. | 

Socotra, in montibus altioribus crescens. B.C.S. No. 439. 
Schweinf, No. 754. 


CRUCIFERA. 


2. DicERATELLA Balf, fil. : herba incana ; foliis oblongis 
v. ovatis, obtusis, repandis ; racemis laxis elongatis ; floribus magnis ; 
siliquis tetragonis. 

Socotra, locos arenosos incolans. B.C.S. No. 136. 


3. FAaRsETIA PRosTRATA, Bal/. fil : herba prostrata ; foliis obovatis 
obtusis, spe apiculatis, crassis, strigosis; siliquis linearibus. 
Socotra, in locis arenosis. B.C.8. No, 205. 


4, Brassica rostrata, Balf, jil.: herba annua ; foliis lyrato-pin- 
natisectis ; floribus albis ; siliquis patentibus valvis triner- 
viis, rostro longo monospermo. | 


Socotra, sub umbra scopulorum. in montibus crescens. B.C.S. 
No, 245. 


Lacunocapsa, Balf. jil. 


Sepala erecta, lateralia basi saccata. Petala unguiculata. Stamina 
_libera, edentula. Siliqua brevis, plano-compressa, subcordata v. 
orbicularis, tomentosa, subsessilis, foliis similissima, 2-locularis, 
loculis interdum bilocellatis, 1-3 sperma; valvis swpe septulatis, 
apteris, crassis, spongiosis, septo contrarie compressis; septum lineare, 
enervium, chartaceum ; stylo prope nullo; stigmate bilobo. Semina 
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in locellis solitaria, suspensa, oblonga, subcompressa, immarginata ; 

testa nonmucosa ; radicula incumbens.—Fruticulus diffusus, ramosus, 
. albide tomentosus, cortice rumpente decidenteque. Folia alterna, 
integra. Flores axillares, subsessiles, lutei. 


Genus monotypicum dubis affinitatis, forsan ad vicinitatem Lepidii 
referendum. 


5, L. spatuunata, Balj. jil.: species unica in locis arenosis 
Socotree prope Gollonsir crescit. B.C.S. No. 587. 


CAPPARIDEZ. 


6. CLEOME socoTRANA, Balf. fil.: herba erecta ; foliolis obovatis 
v. oblongo-obovatis ; petalorum limbo subdeltoideo ; siliquis adscen- 
dentibus ; seminibus pubescentibus. 

Socotra, in campis calcareis. B.C.S. No. 76. Schweinf. Nos, 
659, 710. | 


RESEDACEA, 


7. RESEDA ViRIDIS, Balf. fil. : fruticulosa, glaberrima ; foliis ellip- 
ticis v. oblongis, v. subobovatis, obtusis, sinuatis, interdum tri- 
partitis, longe-petiolatis ; pedicellis floribus brev ioribus ; sepalis 6 
integris deciduis; petalis albis; filamentis deciduis; capsulis breviter 
tridentatis ; seminibus tuberculatis, | 

Socotra, in declivitatibus montium circa Gollonsir ad 1500 ped. 
alt. B.C.S. No. 230. 


CARYOPHYLLE. 

8. GYPSOPHILA MONTANA, Balf. fil.: perennis, glabra v. plus 
minusve glanduloso-pilosa ; foliis crassiusculis obovato-spathulatis ; 
cymis laxis ramosis; pedicellis calyce et bracteis foliaceis longi- 
oribus; calyce campanulato ad medium 5-fido; petalorum limbo 
distincto truncato ; capsulo calyci equilongo ; seminibus punctulato- 


tuberculatis, 
Socotra, montes altissimos incolans. B.C.S. No. 442. Schweinf. 
No. 658. | 


Distrib. Aden. 


t 
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9, PotycaRP£A czspiTosa, Balf. fil.: perennis, subcespitosa, 


glabra ; caulibus prostratis v. subterraneis ; foliis subcrassis anguste- 


spathulatis v. oblanceolatis, stipulis fimbriatis ; floribus sessilibus 
in spicas paucifloras ad apices rhachium longarum congestis ; sepalis 
ovato-acutis infra late scariose-alatis ; sepalis subaquilongis, 
et capsulis longioribus. 


Socotra, in locis arenosis non tnfrequense B.C.S. No. 683. 


10. Potycarpaa pivaricata, Balf, fil.: annua, viridis, glabra, ramo- 
sissima, erecta; foliis submembranaceis apice setosis, radicalibus 
rosulatis spathulatis, ramalibus longe-oblanceolatis v. filiformibus ; 
stipulis acuminatis; floribus sessilibus in spicas imbricatas ad 
extremitates rhachium longarum positas ; sepalis ovato-lanceolatis 
petalis capsulisque longioribus. 

— Socotra, in locis siccis florens. B.C.S. No. 684. Schweinf. No. 
543. 


HYPERICACE:. 


11. Hypericum tortuosum, /il.: suffruticosum, glabrum, 
glaucum, ramulis quadrangulis; foliis obovatis v. elliptico-oblongis v. 
subrotundis, obtusis v. subacutis, inferioribus petiolatis, superioribus 
sessilibus amplexicaulibus decurrentibus, decussatis, sempervirescen- 
tibus, coriaceis, pellucido-punctatis ; floribus in cymas terminales dis- 
_ positis; sepalis elongato-ellipticis, imbricatis, eglandulosis ; stamini- 
stylis brevioribus ; capsulis verrucosis; seminibus lineato- 
punctatis. 


Socotra, inter rupes Haggier montium ad 2000 ped. alt. 3B.C.S. 
No. 607. Schweinf. No. 757. 


1 2, “Hypericum SCOPULORUM, Balj. jil.: suffruticosum, glabrum, 
glaucum, ramulis quadrangulis; foliis oblongo-ovatis, obtusis, sessili- 
bus decussatis, sempervirescentibus, coriaceis, glanduloso-punctatis; 
pedunculis unifloris axillaribus ; sepalis basi subconnatis, laciniis 
ensiformibus valvatis, eglandulosis; staminibus stylis brevioribus ; 
capsulis longitudinaliter vittatis ; seminibus lineato-punctatis. 

Socotra, in montibus Haggier cum specie priore repertum. B.C.S. 
No. 405. Schweinf. Nos. 622, 756. 
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MALVACE. | 


13. Hisiscus (Kefmia) Scorm, Balf. fil.: arborescens; foliis 
petiolatis ellipticis v. ovatis, obtusis, basi cordatis v. cuneatis, 
subtus pilis trifurcatis faciliter avulsis vestitis ; floribus in racemos 
axillares solitarios breves validos paucifloros dispositis; calyce 
cyathoformi bracteolas 10 v. plures lineares trinervias liberas 
eequante ; corolla magna; capsulis 5-valvis levibus; seminibus 
pilosis. 


Socotra, in montibus Haggier rarus. B.C.S. No. 1 05. Schweinf. 
No. 535. 


14. Hisiscus sTENANTHUS, Balf. jil.: suffruticosus; foliis cor- 


- datis obtusis dentato-crenatis, pilis trifurcatis dense subtus vestitis ; 


pedunculis unifloris curtis solitariis petiolum breviter excedentibus ; 
calyce poculiformi bracteolas 8-12 lineares dimidio 
petalis infra anguste-convolutis, supra patentibus. 

Socotra, locos siccos calcareos incolans. B.C.S. No. 706. 


15. Hrpiscus MALACOPHYLLUS, Balj. jil.: arborescens; ramulis 
ferrugineo-tomentosis ; foliis late ovatis, obtusis, dentatis, crassis, 
dense pubescentibus; pedunculis unifloris, solitariis, brevibus ; 
bracteolis 10—12 liberis, linearibus. 

Nom. vern. Dera foo. 


Socotra, infrequens in convalle prope Adho Dimellus, ad altitu- 
dinem ultra 2000 ped. B.C.S. No. 488. 


STERCULIACE. 


16. Muricata, Balf. jfil.: suffruticosa molliter tomen- 
tosa; foliis petiolatis variantibus ab formis linearibus ad ellipticas, 
apice truncatis v. retusis sepe apiculatis, crenato-serratis, subtus 
olanduloso-punctatis; cymis bifloris; bracteolis cordato-reniformi- 
bus accrescentibus membranaceis; capsulorum loculis bispermis ; 
seminibus muricatis. 

Socotra, circa Gollonsir abundans. B.C.S, No. 230. 
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TILIACEZ. 

17, Grewia turBinatA, Balf. fil.: arbor parva ; foliis longe petio- 
latis ovato-lanceolatis basi obliquis, serratis, subtus incanis ; cymis 
trifloris, oppositifoliis; drupis turbinatis, glabrescentibus, nitidis, 
pyrenis 1-pluri locularibus. 

Nom. vern. Eireit. 


Socotra, in ripis fluviorum, B.C.S. No. 373. Schweinf. No. 
475 (pro parte). 


18. GREWIA BILOCULARIS, Balj fil.: arborescens, glabra; foliis 
breviter petiolatis, magnis, ovatis acutis, basi cordatis equilateralibus, 
crenato-serratis; cymis bifloris fere oppositifoliis; pedunculis 
petiolo subequilongis; drupis 4-pyrenis 4-lobatis, subcubicalibus, 

glabrescentibus nitidis ; pyrenis bilocularibus. 
Socotra, in convallibus rara. B.C.S. No. 498. Schweinf. No. 
475 (pro parte). 


19. CorcHorus Balf. jil.: perennis, tenuis, ramosis- 
simus, depressus ; foliis diverse-pinnatisectis, longe-petiolatis, leviter 
pilosis ; pedunculis longis unifloris extra-axillaribus ; sepalis peta- 
lisque quatuor; staminibus pluribus ; capsulis rectis v. parum cur- 
vatis, brevibus pubescentibus, bilocularibus, bivalvis. | 

Socotra, in campis arenosis circa Gollonsir atque Tamarida fre- 
quens. B.C.S. No. 48. Schweinf. No. 381. 


20. ELmocarpus TRANSULTUS, Balf. fil.: arbor alta resinifera 
ramis terminalibus crassis cicatricosis ; foliis versus apices ramorum — 
aggregatis, lanceolatis, elongatis,-apice basique angustatis, obtusis 
integris, subundulatis, subobliquis, fere 6 poll. longis, 2 poll. latis, 
breviter petiolatis, sparse stellatim-tomentosis, subtus pallidioribus, 
-venulis prominulis, petiolo dense tomentoso 5-6 lin. longo; 
stipulis ovatis, caducis ; floribus ignotis; racemis fructiferis 13-2 
poll. longis, pedicellis 2 lin. longis, paucicarpicis ; drupis ellipticis, 
4 lin. longis, glabris, pyrenis bilocellatis extus tuberculatis. 

Nom. vern. Kenhar. | 

Socotra, circa Gollonsir atque Tamarida. 3B.C.S. Nos. 267, 
409. | 


ad 
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RUTACEZ. 


21. THaMNosMA socoTRANA, Balf. jil.: suffruticosa, graveolens, 
glanduloso-papillosa; foliis simplicibus, integris, oblanceolatis v. 
- anguste obovatis ; floribus solitariis, extra-axillaribus; ovario sessili ; 
seminibus longe muricatis. 
Socotra, in summis montibus Haggier. B.C.S. No. 395, 
Schweinf. No. 619. 


BURSERACES, 


22. Balf. fil.: arborea cortice papyraceo; foliis 
-magnis multifoliolatis pubescentibus rhachi tereti, foliolis subsessi- 
libus oblongo-ellipticis obtusis crenato-dentatis subrevolutis; race- 
mis densis foliis multo brevioribus, pedicellis longis flores exceden- 
ibus; capsulis 4-5-gonis turbinatis breviter stipitatis, 

Nom. vern. Ameero. 

Socotra, arbor balsamiflua ubique per montes crescens. B.C.S. 
No. 349. Schweinf. No. 540. 


23. BoswEuia ELoncata, Balf, fil. : arborea cortice papyraceo ; 
foliis magnis multifoliolatis rhachi tereti tomentosa, foliolis sessilibus 
elongato-oblongis obtusis crenato-serratis revolutis ; racemis ramosis 
elongatis foliis fere duplo-longioribus, pedicellis crassis floribus 
brevioribus; capsulis maturis non Visis. 


Socotra, arbor balsamifiua in clivis montium frequens. B.C. g, 
No, 657. 


24, Socorrana, Bal/. fil.: arborea cortice nonpapyraceo ; 
foliis parvis multifoliolatis glabris rhachi alato, foliolis sessilibus 
oblongo-ellipticis obtusis saepe emarginatis integris revolutis; pani- 

—culis paucifloris breviter pedunculatis foliis brevioribus, pedicellis 
brevibus floribus brevioribus; capsulis trigono-ovoideis sessilibus. 
Socotra, tertia species nova arboris balsamiflue que in montibus 
insule crescit. B.C.S. No. 466. Schweinf. No. 530. 


25. BaLsAMODENDRON SocotranuM, Balj. fil.: arbuscula ramis 
ultimis pubescentibus, interdum spinosis; foliis 5-10 v. pluribus 
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ad apices ramorum lateralium brevium fasciculatis, plerumque 
1-foliolatis rarius 3, petiolatis, foliolis oblongis v. oblongo-ellipticis — 
v. subobovatis obtusis integris undulatis v. rarius ad apicem vix 
dentatis, submembranaceis, pellucido-venulosis; inflorescentia sessili 
1-3-flora; floribus sessilibus minutis; staminibus 4 basi disci 
magni albi undulati insertis, antheris ellipticis. 

Nom. vern. Logahem. 

Socotra, abundans. B.C.S. Nos. 259, 256. Schweinf. No. 514. 


26. BALSAMODENDRON PARVIFOLIUM, Balf. fil.: arborea ramis ultimis 
subpuberulis nonnunquam spinescentibus; foliis puberulis impari- 
pinnatis ad ramos laterales contractos fasciculatis 3-7 foliolatis, 
-rhachi inter foliola subalata, foliolis sessilibus oppositis v. sub- 
oppositis ellipticis obtusis planis integris venulosis; floribus sessilibus _ 
preecocibus ; staminibus 4 ad marginem disci scutelliformis depressi 
brunnei insertis, antheris oblongis. 

Socotra, in campis. B.C.S. No. 656. 


27. BALSAMODENDRON PuaniFrons, Schweinf.: arbuscula inermis, 
ramis densis horizontaliter expansis juvenilibus dense tomentosis; 
foliis breviter petiolatis, imbricato-pinnatis ad apices ramorum later-. 
alium brevium confertis, foliolis 5-10-jugis subequalibus ellipticis 
Vv. ovatis obtusis late revolutis, bullosis; floribus precocibus soli- 
tariis v. binis, sessilibus minutis; staminibus 4 disci margini 
4-lobati insidentibus, antheris oblongo-cordatis; fructu lacie 
glaberrimo, apiculato. 

Socotra, arbuscula rara. B.C.S. No. 709. Schweinf. No. 671. 

Hunter, No, IIT. 


AMPELIDE. 


28. ViTIs SUBAPHYLLA, Balf. fil.: dumetosa densa, ramulis com- 
planatis ad nodos contractis nonalatis carnosis; foliis paucis integris 
subspathulatis v. oblanceolatis in petiolum attenuatis, glabris, 
carnosis, mox deciduis; cymis brevibus umbellatim ramosis; 
_ pedicellis tenuibus; floribus tetrameris ; fructu conico viridi. 

‘Nom. vern. Atarha. 

Socotra, in campis calcareis prope Gollonsir abundans. B.C.S. 
No. 81. Schweinf. No. 244. | 
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29. Vitis PANICULATA, Bulf. fil.: late scandens, caulibus anguste 
alatis, juvenilibus quadrangulatis carnosis; foliis magnis breviter 
palmatim 3-5 lobatis basi cordatis, late crenatis, carnosulis, glabris ; 
cymis subumbellatim paniculatis; pedicellis tenuibus ; ; floribus 
tetrameris; fructu conico nigrescente, 

Nom. vern. Atarha, | 

Socotra, in locis umbrosis inter arbusculas in declivitatibus 
montium frequens. B.C.S. No. 413. Schweinf. No. 510. 


SAPINDACEE. 


30. ALLOPHYLLUS (SCHMIDELIA) RHUSIPHYLLUS, Bal/. fil. : arborea 
plus minusve pubescens ; foliis trifoliolatis, foliolis obovatis v. 
oblongo-obovatis v. oblongo-ellipticis, obtusis v. emarginatis, basi 
cuneatis, revolutis sinuato-crenatis, subtus petiolisque pubescentibus ; 
racemis densis foliis subsequilongis ; pedicellis floribus irregularibus 
vix longioribus ; petalis declinatis, | 

Nom. vern. Zirkin, 


Socotra, ubique frequens. 3B.C.S. Nos. 247, 248, 421. Schweinf. 
Ne os, 413, 474. | 


ANACARDIACEZ. 


31. THyRsIFLORA, Balf fil. : arborea, glabra; foliis trifoliolatis 

v. unifoliolatis, foliolis oblongis, v . oblongo-ellipticis v. oblongo-obova- 
tis, obtusis, integris, v. obscure sinuato-lobatis, perspicue reticu- 

latis ; inflorescentia thyrsoidea, ramosissima ; pedicellis subtilibus 
floribus longioribus ; sepalis petalis multo brevioribus ; disco 
obscure crenato. 

Nom. vulg. Zoref. 

Socotra, frequens in declivitatibus montium. B. C S. No. 369. 
Schweinf. Nos. 480, 736. 


32. Opina oRNIFOLIA, Balf, jil.: arborea, ramis pubescenti-velu- 
tinis ; foliis magnis 5-7 foliolatis, foliolis ovatis obliquis subcuspidatis 
sessilibus v. subsessilibus, pilis simplicibus velutinis ; racemis vix 
ramosis axillaribus in fructu foliis equilongis velutinis, pedicellis 


brevibus ; calyce 4-partito persistente ; fructu globoso velutino- 
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Nom. vern. Uksha.  __ 
Socotra, species fraxinoidea que per montes omnes insulz crescit. 
B.C.S. No. 276. Schweinf. No. 504. 3 


33. ODINA ASPLENIFOLIA, Balj. fil.: arborea, ramis glabris inter- 
dum spinosis ; foliis parvis 13-21-foliolatis, ad apices ramulorum 
lateralium abbreviatorum confertis, rhachi alata ; foliolis subrhom- 
-boideis v. obcuneatis v. subobovatis apice dentatis v. subintegris 
sessilibus v. subsessilibus sursum sensim minoribus, glabris, isa 
racemis tenuibus axillaribus. 

Socotra, species gummifera in montibus frequens. B. C.8. No. 710. 


LEGUMINOS. 


34. CROTOLARIA STRIGULOSA, Balf. fil.: omnino strigulosa ramis 
elongatis tenuibus prostratis ; foliis unifoliolatis, angustis linearibus 
v. latis et ellipticis v. oblongo-ellipticis subsessilibus ; stipulis setifor- 
mibus ; racemis terminalibus elongatis, oppositifoliis, pedicellis brevi- 
bus; calycis lobis tubo longioribus; corolla exserta; legumine 
oblongo breviter exserto pubescente 6-spermo. 


-. Socotra, in campis ubique crescit. B.C.S. Nos. Ue 2,663. Schweinf. 
os. 656, 721. 


35. puBiA, Balf. fil.: omnino strigulosa ramis tenuibus 
copiosis late patentibus; foliis petiolatis palmatim trifoliolatis, 
foliolis sessilibus terminali longissimo, lineari-lanceolatis et ad formas 
obovatas variantibus, acuminatis v. mucronulatis ; stipulis subulatis 
minutis; racemis elongatis oppositifoliis paucifloris, pedicellis 
capillaribus brevibus; calycis lobis tubo quadruplo-longioribus ; 
corolla longe exserta ; legumine Sete submembranaceo, venuloso, 
pubescente 12-spermo. 

Socotra, in campis cum priore frequens, Species affinitatis 
dubise, an hujus generis. B. G S. No. 149. Schweinf. No. 722. 

Distrib. Aden. 


36. CROTOLARIA preRoPopA, Bal/f. fil.: herba procumbens sericeo- 
canescens ; foliis petiolatis alterne digitatim trifoliolatis, foliolis 
ellipticis v. obovatis obtusis sepe mucronulatis; stipulis obsoletis ; 
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floribus solitariis oppositifoliis ; pedicellis tetraquetris crebris ; calyce 
bilabiato corolla longiore, labio superiore profunde bifido, inferiore 
trifido ; corolle petalis vexillum excedentibus ; legumine tumido 
polyspermo. 


Socotra, species dubie ad Crotalariam adscripta, B.C.S. No. 180. 


37. Priotropis Socotrana, Balf. fil.: fruticosa ; foliis trifolio- 
latis, foliolis oblongo-ellipticis obtusis, emarginatis, brevissime 
petiolatis, supra glabris, infra strigulosis ; pedicellis brevibus ; legu- 
mine longe stipitato, longitudine dimidio latitudinem excedente, 
pubescente, 2-spermo. 

Socotra, in declivitatibus montium. B.C. 8. No. 688. Schweinf. 
No. 645. 


38, FaLcaTa, Balf. fil.: annua; foliis trifoliolatis, 
foliolis obovato-cuneatis, terminali longe petiolato; stipulis semi- 
sagittatis infra-incisis; inflorescentia capitato-racemosa, 2-5-flora, 
foliis breviore; calycis laciniis linearibus tubo multobrevioribus ; 
stylo ovario multobreviore; legumine falcato, longo, tenui, 

Socotra, in locis arenosis. B.C.S. No. 665. e 

39. Lotus (Ononrp1um) ONonopsis, fil.: diffusa, fere omnino 
glabra, subcrassa; foliis subsessilibus trifoliolatis; foliolis lanceolatis 
et ad formas suborbiculares variantibus, exstipulatis; floribus 
pedicellatis solitariis axillaribus; calycis lobis subzqualibus ; corolla 
exserta ; stigmate capitato ; legumine: lineari, glabro, 8-12-spermo. 

Socotra, in montibus altioribuss Nos. 400, 491. 
Schweinf, No. 555. | 


40. Lotus (ONonipium) MoLLis, Balj. fil.: diffusa, cana, dense 
strigosa ; foliis sessilibus, trifoliolatis, foliolis oblanceolatis v. obcu- 
neatis, exstipulatis; floribus sessilibus v. subsessilibus, solitariis, 
axillaribus; calycis lobis subzequalibus ; corolla longe exserta ; — 
capitato ; legumine lineari, glabro, 8-spermo. 

Socotra, in pupibus calcareis prope Gollonsir. B.C.S. No, 670. 


41. INDIGOFERA NEPHROCARPA, Balf. jil.: canescens, 
ramosissima, ramis humifusis ; foliis alterne trifoliolatis, petiolatis, 


‘ 
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strigosis ; stipulis inconspicuis ; racemis paucifloris, subsessilibus 
v. filiforme pedunculatis ; legumine minuto 1-spermo reniformi, 
strigoso ; stylo persistente. | 

in campis arenosis frequens, C. S. Nos. 85, 104. 
Schweinf, No. 237. 


42, InpIGoFERA LEPTOOARPA, Hochst. et Steud. in Herb. Arab. 
Schimp. No. 778 (nom. sol.): herba lignosa prorsus strigosa, basi 
ramosa ; ramis decumbentibus; foliis digitatim-trifoliolatis, breviter 
petiolatis;. stipulis minutis ; racemis elongatis multifloris, rhachi 
basi nuda, pedicellis brevibus ; legumine longo, polyspermo. 

Socotra, in campis calcareis apud Tamarida sed infrequens. ‘&B. C.8. 
No. 674. Schweinf. No. 389. 
Distrib. Arabia. 


43. INDIGOFERA MARMORATA, Balf. fil. : suffrutex, argenteo-canes- 
cens; ramis complanatis; foliis alterne trifoliolatis v. pinnatis, 
petiolatis ; foliolis 3~7 terminali maximo, oblanceolatis v. obovatis, 
‘supra marmorato-strigosis ; stipulis obliquis subfimbriatis ; racemis 
brevibus, axillaribus, paucifloris; floribus secundis ; legumine brevi 
subtetraquetro, rostrato, bispermo. 

Nom. vern. Sidere. 

Socotra, in clivis elevatis montium rara. B.C.S. No. 370. 
Schweinf: No. 503. | 


44, TaVERNIERA SERICOPHYLLA, jil.: suffruticosa, argenteo- 
sericea ; foliis alterne trifoliolatis dense sericeis ; foliolis ellipticis ; 
stipulis magnis late amplexicaulibus non-scariosis. 

Socotra, in locis littoralibus arenosis i Gollonsir atque Kadhab. 
B.C.8.. Nos. 103, 338, | | 


ARTHROOARPUM, Balf. fil. 


Calycis decidui tubus brevis angustus supra ovarium connivens, 
lobi. in labia 2 equilongia dispositi, superior 4-dentatus latior, 
inferior integer angustior. Vexillum orbiculatum, unguiculatum; . 
ale oblique oblonge; carina angusta, incurva, obtusa, alas sub- 
sequans, petalis vix coherentibus. Stamina omnia in vaginam supra 
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fissam connata ; anther uniformes. Ovarium sessile oo -ovulatum ; 
stylus filiformis, longissimus, leviter curvatus; stigmate minuto, 
terminali, Legumen compressum sericeo-pubescens, articulis sub- 
ellipticis utrinque alatis et bi-trinervoso- angulatis lignosis, endo- 
carpio spongioso. Semina anguste obovoidea, strophiolata.—Arbor 
parva, Folia imparipinnata foliolis paucis exstipellatis. Stipule 
persistentes. Flores flavi axillares, solitarli v. rarius cymose- 
biflori. Involucrum 4-bracteolatum persistens. 

Genus monotypicum — et characteribus. generalibus Ormo- 
carpo accedens, 


45. A. GracitE, Balf, fil.: species unica montes Socotra 
incolans. 3B.C.S. No. 368, 449. Schweinf, No. 511. 


46, ORMOCARPUM CZRULEUM, Bal/. fil.: fruticosum, ramis angulosis ; 
foliis imparipinnatis subsessilibus, foliolis 5-7 crassis, obtusis, glabris 
medio subtus porphyreo puberulo excepto; stipulis sublanceolatis 
striatis; racemis brevibus paucifloris, pedicellis tenuibus sub florem 
bibracteolatis ; calyce glabro; corolla cerulea; legumine brevi, | 
venoso, glabro. 

Socotra, frutex frequens. B.C.S. Nos. 80, 98, 293, 485. 
Schweinf, Nos. 375, 498. | 


47, DichrostacHys DEHIScENS, Balf. jil.: fruticosus; ramulis 
foliisque juvenilibus pubescenti-hirtis ; pinnis 2—5-jugis glandulis 
stipitatis, foliolis 8-15 jugis oblongis obliquis ; spicis cylindraceis ; 
legumine 3 poll. lato dehiscente, valvis recurvis. _ 

Socotra, apud Tamarida non a B.C.S. N o. 365, 
Schweinf. 689. 


48. Acacia Socotrana, Balf. fil.: suffruticosa, glabrescens ; 
spinis primum tomentosis rectisque, demum albidis glabris apice- 
que lente recurvis, foliis sequilongis ; 3 pinnis 7-8 jugis, foliolis 
10-20 jugis parvis oblongis obtusis; involucello infra medium 
pedunculi persistente ; legumine stipitato foliis duplolongiore, vix 
curvo, marginibus planis, valvis velutinis nervosis lignosis. 

Socotra, in campis arenosis apud littus frequens. B.C.S. No. 
191. Schweinf. No. 260. 7 
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CRASSULACEZ, 


49, KAaLANCHOE FARINACEA, Balf, fil.: caulescens, glauca 
caule subtereti spe procumbente ; foliis obovato-orbicularibus 
integris sessilibus subfarinaceis; inflorescentia terminali bipartim 
corymboso-paniculata compacta ; calyce 4-partito; corolla flammex 
tubo 4-5 lin. longo ; staminibus corollis vix equilongis ; squamulis 
linearibus obtusis integris ; carpellis tubo corolle squilongis. 

Socotra, in campis elevatis calcareis frequens. B.C.S. No. 521. 
Schweinf. No. 753. Hunter, No. 15. 


50. KauancHor abruptTa, Balf. fil.; caulescens erecta valida, 
glauca ; foliis ad apicem caulis crassi aggregatis late insertis spathu- 
latis magnis integris ; floribus in terminales erectos crebros thyrsoi- 
deos paniculos dispositis; calyce 4—partito; corolla cinnabarina, tubo 
$ lin. longo; staminum filamentis tubo corolle brevioribus versus — 
apicem abrupte attennuatum ; squamulis Jatis suborbicularibus inte- 
gris ; carpellis corollz szquilongis. | 

Socotra, in regione orientali calcarea solum crescens. B.C.S. 
No. 512. 


51, KaLANOHOE RoBUSTA, Balf. jil.: caulescens erecta robusta, 
caule tereti griseo rugoso ; foliis ad apices ramorum evolutis ellipticis 
v. oblongis obtusis vix petiolatis glaucis ; inflorescentia terminali 
paniculata ; calyce 4-partito ; corolla flammeo-rubra, tubo 14 poll. 
longo, angusto; staminibus exsertis; squamulis rotundatis, sub- 
crenatis ; carpellis corolle squilongis. 

Socotra, in regione Haggier. B.C.S. No, 151. 


LYTHBRACE, 


52. Punica Protopunica, Balf, fil.: arbuscula ramis sepe spines- 
centibus ; foliis ellipticis v. oblongis nunc obovatis nunc orbiculari- 
bus obtusis seepe emarginatis integerrimis; bracteis subfloris oblongis 
obtusis ; petalis obcordatis ; carpellis uniseriatim verticillatis, pla- 
-centis horizontalibus basalibus. 

Socotra, species nova insignis ques abundanter per insulam crescit. 
B.C.S. Nos, 263, 505. Schweinf. No. 506. Hunt. No. IIL. 
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_CUCURBITACEZ. 


Denvrosicyos, Balf. fil. 


Flores monoici. Fl. paniculati' Calycis tubus infundibuli- 
formis, dentibus 5 patentibus subulatis integris. Corolla in fauce 
calycis inserta ad basin ‘5-partita segmentis lanceolatis integris. 
Stamina 3 ori calycis inserta corolla adnata filamentis liberis ; 
anthere arcte cohezrentes, una 1-locularis, ceterse 2-loculares, loculis 
rectis, connectivo nonproducto. Ovariirudimentum 0. FLQ... 
Arbor parvus trunco magno atque ramis paucis ad apicem fascicu- 
latis. Folia palmatim 5-lobata v. partita, aculeata, scabrida. 
Cirrhi 0. Flores $ magni straminei. 

Genus anomalum ab omnibus notis- habitu arboreo 
insigniter differt. 


53. D. Socotrana, Balf jil.: ubique per campos Socotra crescens. 
BCS. No. 210. Schweinf. No. 243. 


UMBELLIFERZ. 
Balf. fil. 


Calycis dentes minuti, acuti. Petala lata acumine longo bifido 
induplicato, ob costam impressam emarginata. Discus margine 
subcrenato cum stylopodiis conicis confluens ; styli breves. Fructus 
ovoideus utrinque ad commissuram angustam constrictus; car- 
pella 5-gona; juga primaria prominula, subqualia, exalata ; 

vittes ad valleculas solitarie. Carpophorum bipartitum. Semen 
semiteres, ad vittas sulcatum, facie leviter concavum.—Suffrutex 
lignosus, rigidus, glaberrimus, aromaticus. Folia rotundata, margine 
revoluta, crenata, reticulato-venosa. Umbelle composite pauci- 
radiates. Involucri et involucellorum bracteze subfoliacer persis- 
tentes radiantes. Flores albo-virentes, pedicellati. 

Genus Bupleuro maxime affine sed forma petalorum, stylopodiis 
conicis, et fructu noncompresso differt. 


54, N. asarirotius, Balf. jil.: Socotre incola. B.C.S. No. 440. 
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55. Carum (TRACHYSPERMUM) PIMPINELLOIDES, Balf. fil.: herba 
glabrescens diffusa parva ; foliis petiolatis tripartitis, segmentis in 
lacinias lanceolatas acutas 1-2-trifidis glabrescentibus, vagina petioli 
ciliata ; umbellis breviter pedunculatis, oppositifoliis 6-7-radiatis, 
bracteis 4-6 radiis asquilongis subulatis sparse puberulis, pedicellis 
5-7 validis, angulosis, bracteolis brevioribus ; petalis ciliatis acumine 
bifido ; fructu oblongo v. suborbiculari, jugis prominulis, glabris v. 
_— commisura multo constricta; stylopodo conico. 

Socotra, in littore inter Kadhab atque Tamarida. B.C.S. No. 367. 


06. CaRuM (TRACHYSPERMUM) caLcicoLuM, Balf. jil.: herba 
glabrescens nuda erecta bipartim ramosa, caulibus angulosis ; foliis 
basalibus longe petiolatis in lacinias longas lineares tripartitis v. bitri- 
partitis, superioribus filiformibus sessilibus ; umbellis longe pedun- 
culatis oppositifoliis sparse puberulis 2—4-radiatis, radiis capillaribus 
bracteis 2-4 multo longioribus, pedicellis 8-12 tenuibus bracteolis 
brevioribus ; petalis ciliatis acumine integro; fructu ovoideo, jugis 
nonprominulis hispidis, commissura non multo constricta ; stylopodio 
conico, 

Socotra, in campis calcareis littoralibus commune. B.C.8. No. 
190. 


57, Psucepanum corpatum, Balf. fil. : glabrum, annuum, erectum, 
caule tereti striato ; foliis bipinnatisectis, segmentis latis planis pler- 
umque sessilibus palmatim trifidis, laciniis acute dentatis v. subincisis 
basi subcordatis v. seepe subcuneatis, membranaceis; involucris involu- 
cellisque polyphyllis ; umbellis primariis 10-20-, secundariis 8-12- 
radiatis ; fructu pedicello breviore, elliptico, basi alte-cordato, vittis 
vallecularibus solitariis, binis alis 
fructui squilatis. | 

Socotra, in montibus abundanter crescens. B, C.S: No. 290. 
Schweinf. No. 572. 


: BUSIN ESS. 
Mr. Alexander Leslie, M. Inst. C.E., Mr. J. 8. Mackay, M.A., 


and Dr. Henry Barnes, were balloted for, and declared duly elected 
Fellows of the Society. 
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